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Grinnell Welding Fittings identically match 











seamless pipe... give strong integral joints 


Every Grinnell Welding Fitting is 
precision engineered to become an in- 
tegral part of a piping system .. . a 
smooth, continuous joint that’s identical 
in strength and service characteristics 
with the pipe employed! 

Here are four major reasons why 
these fittings speed-up erection of 
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in weight to standard-weight, extro- 
strong or O.D. pipe or tubing; (3) their 
welding faces are correctly scarfed; 
(4) only plain circumferential butt 
welds are required to join them. 
Specify these better-engineered fi'- 
tings to save time and trouble in erection 
and operation of your piping systems. 
Write for catalog, “Grinnell Welcing 
Fittings”. Grinnell Co., Inc., Executive 
Offices, Providence, R. |. Branch offices 
in principal cities of U. S. and Canc da. 
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GOVERNMENT 
SEEKS ENGINEERS 


The United States civil service 
commission announced last month 
that the government is seeking heat- 
ing, ventilating, air conditioning and 
plumbing engineers for national de- 
fense jobs. The salary range is 
from $2600 to $5600 a year. If you 
are qualified for and interested in 
getting one of these jobs, apply un- 
der the civil service examination an 
nouncement No. 69 for engineer. 
The required application forms are 
Nos. 8 and 4006-ABCD. 


J — 


CORK—Because of continuing shortages 
of cork, limitations were placed around 
deliveries of insulation board containing 
cork, in an order issued last month by 
Donald M. Nelson, director of priorities. 
Only defense orders, and orders for food 
preservation purposes, may be filled with 
such board. An interpretation of this 
order, M8-a, defined “insulation board to 
be used for the preservation of food” as 
that to be used in cabinets and other 
small cold storage boxes in which the 
temperature is to be maintained below 
20 F, and cold storage rooms and walk- 
in boxes, in which the temperatures are 
to be kept below 40 F 





BOILERS AND RADIATORS 
STANDARDIZED TO CONSERVE 


The boiler and radiator industry 
is simplifying and standardizing its 
products in order to conserve vital 
raw materials needed for national 
defense, according to the Institute 
of Boiler and Radiator Manufac- 
turers. 

As a result of action on the part 
of manufacturers, the U. S. depart- 
ment of commerce, through the na- 
tional bureau of standards, has an- 
nounced a revision of simplified 
practice recommendation R-174-40 
for large tube cast iron radiators. 
This revision constitutes a reduction 
in the number of sizes of large tube 
radiators to a total of 13 sizes and 
hecame effective October 1. On 
this same date, all manufacturers 
also put into effect a program cov- 
ering small tube radiators which re- 


duced the number of standard sizes 
to 10. By January 1, 
of sizes of radiators will be approxi 
mately 20 instead of more than 50 


the number 


which had been produced prior to 
1940. 

The manufacturers of radiators 
are asking the assistance of all buy 
ers of radiation to accomplish this 
objective. Government departments, 
including federal, state and munic 
ipal, are being urged to discontinue 
specifying any radiators except those 
being manufactured under the new 
revision, Architects, engineers and 
contractors are asked to cooperate 
in this effort. 

Some manufacturers aré 
rarily discontinuing the manufac 


tempo- 


ture of convectors to conserve the 
steel required for enclosures and 
also to give the manufacturer more 
foundry space for the manufacture 


of cast iron radiators. 


The problem of reducing the num 


ber of boilers is somewhat more 
complicated than the radiator situa 
tion, but action which is currently 
under way on the part of each of 
the individual 
result, within the next few months, 


manufacturers will 


in a substantial reduction in the va 
riety of cast iron boilers which will 
be introduced. The program will 
be carried out in such a way that 


the needs of the building industry 
will be fully served by the variety 
of boilers which will still be avail 
able, it is believed. 


{RC WELDING SCHOLARSHIPS~— Re- 
cipients of the arc welding scholarships 
in welding engineering established at 
Ohio State University in 1939 are Wil. 
liam S. Wagner and Robert Frederick 
Bluhm. These scholarships, made pos- 
sible by an anonymous donor, amount 
to $250 each and may be awarded an- 
nually to one junior and one senior stu- 
dent in the curriculum in welding 
engineering 
rm 


DEFENSE CONSTRUCTION 
TO BE DISCUSSED 


According to the 
Commerce of the United States, a 


Chamber of 


grand total of approximately $/ 

billion has been authorized for in 
dustrial plant construction, aeronau 
tical and other plant facilities, 
military housing and cantonment fa 
cilities and defense housing and com 
munity facilities. As of September 
1, a little more than $3 billion of 








COPPER USE RESTRICTED DRASTICALLY 


Conservation order M-9-c of OPM’s 
priorities division issued late last 
month curtails the use of copper and 
copper base alloys in the manufacture 
of a long list of products where such 
use is not absolutely necessary for de- 
fense or essential civilian require- 
ments. Included in the list of items for 
which use is prohibited are air condi- 
tioning equipment (except small, 
moving parts and bearings) ; conduits 
and tubing; grilles; bands on pipe 
covering; convectors and local heaters ; 
hot water heaters, tanks, and coils (ex- 
cept as provided in the defense hous- 
ing critical list issued September 12) ; 
pipe and fittings (except as provided 
in the defense housing critical list) ; 
ventilators and skylights; water con- 
tainers for humidification; weather- 
stripping and insulation; fire hose, 
couplings and fittings (except brass 
expansion joints and valve trim) ; 
and valve handles. 

No person may use or apply cop- 
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per or copper base alloy sheet, strip 
or screening for any purpose in con- 
nection with building construction ex- 
cept for minor repairs or maintenance 
(but not replacement) on existing 
buildings where the existing installa- 
tion is copper or copper base alloy 
and no substitute can be used. 

The restrictions do not apply to 
copper and copper base alloys for 
several uses, among which are use in 
chemical plants to the extent that cor- 
rosive action makes the use of any 
other material impractical; and for 
use as condenser tubes, heat ex- 
changer tubes (other than radiators 
which are used to control air temper- 
ature) and tube sheets in oil refin- 
ing plants, in plants generating steam 
for public or industrial use and in 
plants generating electric power for 
public or industrial use, where and 
to the extent that corrosive action 
makes the use of any other material 
impractical. 


49 




















ene eee 





S. 1884, a bill to transfer all con- 
struction activities of the war depart- 
ment to the corps of engineers, was 
introduced at the instance of Robert 
P. Patterson, undersecretary of war, 
with the approval of the chief of staff 
of the army, the secretary of war, 
and President Roosevelt. In a state- 
ment made before the senate military 
affairs committee in support of the 
bill, Mr. Patterson said that the ad- 
vantages of having the entire con- 
struction program in charge of one 
branch are too manifest to require de- 
tailed discussion; with the work di- 
vided between two branches, there 
must necessarily be a lack of codérdi- 
nation, he stated, and also a duplica- 
tion of effort. He expressed belief 
that a gain in efficiency and in econ- 
omy would result from concentrating 
all construction work in one branch 
and holding that branch accountable 
for results. 

Granting that the entire construc- 
tion program should be in charge of 
one branch of the war department, 





CONSTRUCTION ACTIVITIES OF WAR DEPARTMENT 


the remaining question is which 
branch should be entrusted with the 
task. The possible solutions would be 
to place the work with the engineers, 
with the quartermaster corps, or with 
a new branch charged solely with 
construction. The engineer corps is 
the logical one to select, he said, be- 
cause in normal times it has a well 
established, large, active organization 
for construction work due to the many 
projects of a civilian character in 
which it is engaged. In time of war 
or national emergency it requires no 
great effort to turn that organization 
to the task of building what may be 
needed for the army. The quarter- 
master corps, on the other hand, has 
little to do in the way of construction 
in normal times, and its organization 
is necessarily not on a large scale. 
Thus, with the coming of an emer- 
gency, it has to build its organization 
from the grass roots. Also, other ac- 
tivities of the corps of engineers are 
more closely related to construction 
work than are the other activities of 


the quartermaster corps, one of the 
prime functions of the engineers be- 
ing to carry on construction and engi- 
neering in an active theater of opera- 
tions. 

As to a separate branch devoted 
solely to construction work, as recom- 
mended by the report of the Truman 
committee on camp construction issued 
last August, Mr. Patterson expressed 
the belief that such a separate branch 
would suffer from neglect in ordinary 
times because of lack of substantial 
work to do and would then be ill pre- 
pared to carry on a large program in 
case of sudden emergency. 

Under the bill, the work would be 
done by civilian contractors as before, 
the difference being that the contracts 
would be made by the corps of engi- 
neers and construction would be under 
supervision of that corps. The bill also 
provides that maintenance and repair 
of buildings be placed with the corps 
of engineers as well as the responsi- 
bility for acquisition of real estate. 








the program had been completed 


and the current program for 1942 
amounts to over $2% billion. Un- 
officially, however, it is expected 


that the 1942 program will be 
doubled. 

Problems raised by this tremen- 
dous defense construction program 
are to come under the scrutiny of the 
fifth annual construction industry 


conference, to convene in Washing- 


ton on November 6 for a two day 


session. 


SMA REPORTS 
758,492 STOKER INSTALLATIONS 


In codperation with and at the 


specific request of government de- 
fense officials, the Stoker Manufac- 
turers’ Association, 307 N. Michi- 
gan Ave., Chicago, IIl., has made a 
number of economic and statistical 
surveys and studies indicating the 
importance of stokers in the national 
defense program, especially with re- 
spect to the conservation of fuel. 

Through the codperation of stoker 
manufacturers representing over 90 
per cent of the total unit volume of 
the industry for installations made 
during the past 15 years, the associ- 
ation is publishing a_ statement 
showing a total of 758,492 stoker 
installations. 
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AIR CONDITIONED BLACKOUT PLANT 


Completion of the new $9,066,000 su- 
percharger plant of the Allis-Chalmers 
Mfg. Co. in about six months will give 
Milwaukee its first real blackout factory. 
Soon after that the 500 x 800 ft single 
floor building in suburban Greenfield 
township will be reafly to house mod- 
ern production facilities for turning out 
the urgently needed mechanism that, 
along with the U. S. bombsight, has been 
described as potentially one of the most 
decisive weapons of the war. 


Built entirely around planned produc- 
tion operations, the new factory is to be 
of purely functional design. According 
to Carl E. Meyer, head of the Allis- 
Chalmers architectural staff, the single 
purpose of production for immediate de- 
fense needs has been constantly kept 
in mind. 


Most modern provisions, however, will 
not only contribute to production effi- 
ciency, but provide ideal working con- 
ditions as well. Air conditioning, for 
example, will control temperature and 
humidity throughout. There will be four 


refrigerating units having a combined 
capacity of 2650 tons. 


In the large test rooms, where all fin- 
ished materials will undergo strictest ex- 
amination, complete acoustical contro! 
will be provided, while the entire build- 
ing will be specially insulated. Other 
facilities will include a fully equipped 
laboratory for research and testing of 
raw materials plus modern shower and 
locker rooms. 


Only the 50 x 200 ft area devoted to 
offices and rest rooms will have windows. 
Fluorescent lighting for the entire area 
given to production will be designed to 
allow normal operation of the plant 
through any air raid attacks that may 
ever affect this inland location. Addi- 
tional protection against such military 
eventualities results from location of 
vital power lines underground, the elec- 
trical sub-station to be completely en- 
closed and protected against the effect 
of possible bombing. 

Adjacent to the main building will be 
a forge plant, 80 x 200 ft, as well as a 
terminal building already constructed. 
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Where building heat MUST NOT FAIL 
always specify the Nash Vapor Turbine 





THIS SAFE NASH HEATING PUMP DOES NOT REQUIRE ELECTRIC CURRENT 
BECAUSE IT OPERATES ON THE SAME STEAM THAT HEATS THE SYSTEM 


In Hospitals, Greenhouses, Schools, Public Buildings, 
Theatres, wherever heating systems must not fail, 
install the Nash Vapor Turbine, for it is entirely in- 
dependent of electric current failure, and continues 
to operate as long as there is steam in the system. 


More than that, the Vapor Turbine is a most economi- 
cal pump, for the elimination of electric current does 
away with current cost, the largest single item in the 
operation of an ordinary return line heating pump. 


Greater savings still are effected by the Vapor Tur- 
bine in the system, for the reason that this pump oper- 
ates continuously. It is the only pump that can do this 
with economy. Continuous operation means uniform 
circulation, and uniform circulation saves steam. 


The Nash Vapor Turbine has but one moving part, 
rotating in the casing without metallic contact, and 
requiring no internal lubrication. Quiet, compact, 
and trouble-proof. Bulletin A-290 is free on request. 


THE NASH ENGINEERING COMPANY 


239 S.WILSON ROAD * SOUTH NORWALK, CONNECTICUT © U. S. A. 
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How to Cut Heating Cost 


E. A. Tyler, Rental Manager, Tells of Steps Taken 
to Save Over 40 Per Cent of His Building’s Steam 


HEN we built our new 39 

story building in 1930-31 

—it was really an addition 
to an older 16 story building—we 
purchased a control system for the 
two pipe vacuum heating installa- 
tion that seemed to offer the best 
chance for a long life and success- 
ful operation. This system proved 
to be entirely satisfactory, perform- 
ance being within the guarantee of 
its producer. 

However, there were some 
troublesome features, and after a 
few years’ use the original reducing 
valves commenced to give trouble. 
We turned to our able heating con- 
tractor and assigned him the job of 
finding a better means of control. 
We wanted something that was ac- 
curate, that could be manipulated 
with the finger tips, and was rea- 
sonable in cost. 


Control Pays 


Our heating contractor found a 
control primarily designed for ac- 
curately governing the heat in in- 
dustrial ovens that seemed to be 
the answer to our problem. We 
installed one as a trial, together 
with a new reducing valve of the 
finest quality obtainable. The com- 
bination worked perfectly and we 
immediately proceeded to equip all 
zones with the new reducing valves 
and controls, mounting the record- 
ers and tuning dials in the chief 


engineer's office. Now the man on 
duty can vary the pressure with no 
more effort than it takes to raise 
his arm and turn a dial. The total 
cost of this change was only $2000, 
which was more than paid for from 
the first year’s savings. 

Checking temperatures around 
the building, summer and winter, 
took about three hours per day of 
one man’s time, and the readings 
were not very reliable. The chief 
needed an hourly check on outside 
temperature and inside tempera- 





HOW TO SAVE the fuel required for 
heating—essential service in plants, com- 
mercial buildings, institutions .and all 
structures—is a vital problem to operat- 
ing men always. During our national 
effort in defense production, it is even 
more important and becomes a patriotic 
duty. . . . Mr. Tyler, rental manager of 
the First National Bank building, St. 
Paul, Minn., explains in detail here the 
steps taken to reduce the steam consump- 
tion for heating this large office build- 
ing. This conservation program has re- 
sulted in a saving of over 40 per cent 


during the period of the last few years 


Controls for the five heating zones are in the chief engineer's office. 
Pressures can be regulated by turning the small button for each zone 
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These simple forms assist in efficient, economical operation 


tures throughout the building, if 
he was to play the right tune on 
those dials. So we bought and in- 
stalled an electfic resistance ther- 
mometer with 25 locations within 
the building and one outside, 
mounting the instrument right over 
the chief's desk. [See front cover.] 
We also provided a form for hourly 
recording of temperatures. The cost 
of this equipment installed ran about 
$1,000. 

The first season of operation of 
the new building, pressure sched- 
ules calibrated to the outside tem- 
perature were worked out, but they 
provided for adjustments in large 


jumps. With the completion of im- 
proved controls and reducing 
valves, and the resistance ther- 
mometer for checking inside tem- 
peratures, we felt certain that these 
schedules could be greatly im- 
proved. First, we devised a chart 
so that a curve could be drawn on 
to show required pressures, and 
after a month of experimenting in 
the fall and midwinter each we 
established permanent curves that 
show at a glance required pressure 
for any outside temperature. 
These curves, however, cannot be 
taken literally, but are always sub- 
ject to correction by the chief en- 


gineer or the man on duty, as his 
checking of inside temperatures in 
dicates errors. Perhaps if one had 
a sun indicator and wind direction 
and velocity gage registering in the 
engineer's office, more accurate 
curves could be set up. I consid- 
ered these instruments, but found 
that the cost was in excess of an) 
possible savings and that the added 
complications for the operating men 
might be excessive. Each year, as 
the men have become more skilled 
in using these controls, has shown 
a steady decline in steam con 
sumption for space heating. 

Our chief engineer is a fine, loyal 
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man who learned his trade the hard 
way by shoveling coal and polish- 
ing brass. It was after the com- 
pletion of the installation of the 
new reducing valves, controls, and 
thermometer that he really loosened 
up. I believe that it dawned on 
him then that we were not just 
“monkeying around,” but were 
providing him with tools that he 
could take pride in and from which 
he obviously derived great per- 
sonal satisfaction. From then on 
he has really put his heart into the 
whole program. Gruffly and per- 
sistently, he has trained his men 
to the slogan “No wasted steam,— 
no cold complaints from tenants.” 
Each of the past four years has 
shown a decline in steam consump- 
tion, no small part of which has 
been due to the improvement in 
the skill of the men who operate 
the plant. 


Accounting System 


The accounting system consists 
of a few simple forms for record- 
ing daily and monthly steam met- 
ered on each zone. The meters are 
read at 12 o'clock midnight and 
recorded on a small tabbed form 
which goes to the chief engineer, 
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who makes up his daily report in 
the morning. This report 
the beginning and ending numbers 
of each meter, total steam consumed 
on each zone, and steam consumed 
per degree day for each zone and 
total. It also mean tem- 
perature and degree days for the 24 
hr period. 

This report comes to me each 
day and at the end of the month a 
report showing the same data for 
the entire month is made up by the 
chief engineer and delivered to me. 
The power company’s bills for 


show s 


shows 


steam are checked from these re- 
ports. I record the monthly data 
on a handmade form which I keep 
in my desk, and at the end of the 
heating season I summarize the en 
tire season on another handmade 
form also kept in my desk. This 
seasonal summary shows for each 
zone and the total, gross consump 
tion, degree day consumption, and 
consumption per thousand 
feet per degree day for space heat 
ing for each building. By comput- 
ing the last named figure we are 
able to compare results with any 
other building that keeps similar 
records. The only other forms used 
are tabbed forms for recording the 
hourly temperatures within the 
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building and outside, and a form 
for recording cold complaints from 
tenants. We also maintain a re¢ 
cording thermometer from which 
mean temperatures are computed 

From these daily reports it is 
easy to prepare graphs showing de 
gree days and steam consumption 
per degree day for each zone and 
total. During the first two or thre« 
years I maintained running graphs 
on these items, but as I was able 
to memorize efficient norms for 


each zone and total, the graplis 
were no longer useful, as | could 
tell from a glance at a daily or 
monthly report if the efficiency was 


being maintained 


The Results 


When we built the new building 


we made a 10 vear contract with 
the power company to furnish us 
steam. This contract was based o1 
a calculated consumption of 61, 
O86,000 Ib per 


7500 degree days, which total was 


heating season of 


arrived at by the engineers for the 
power and which was 
based on actual consumption of a 
building a_ block 


size and occupancy. 


company, 


of similar 


This esti 


away 


mated seasonal consumption in 
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cluded steam for all purposes for 
the 7,500,000 cu ft in the old and 
new buildings, a 300 car garage 
and a two story building 100 ft by 
130 ft with a connecting arcade. 
The power company’s estimate was 
checked by our own engineers, who 
advised that it was a close esti- 
mate and might be exceeded. 

Consumption for space heating 
for 1932-33 was 43,035,000 Ib. This 
figure was very gratifying and fully 
justified our purchase of the original 
control system during the construc- 
tion period, and we proceeded in a 
self-satisfied manner to forget the 
matter. That was a grave error, for 
during the next two seasons con- 
sumption increased sharply and _ it 
was not until December of the fol- 
lowing year that we started to work 
on our experiments and improve- 
ments. Table 1 shows steam con- 
sumption per degree day except for 
hot water heating. 

Total consumption for all pur- 
poses for the 1940-41 season was 
34,790,700 Ib with 7244 degree days. 
Adjusted to 7500 degree days, total 
consumption would be 36,000,000 
lb, which (compared to 61,086,000, 
the original calculated requirement ) 
shows a saving of 41 per cent. | 
realize that the engineers might have 
erred in their original calculations, 
but I am inclined to believe from 
my experience with engineers that 
the error, if any, would be on the 
near, rather than the far side, as 
their purpose was to sell us on pur- 
chased steam. Furthermore, you can 








Table 1—Steam Consumption for Space Heating 


Season ..........32-33 33-34 34-35 35-36 36-37 37-38 38-39 39-40 40-41 
Lb Steam per 
Degree Day.......5500 6240 6042 5064* 5070 5150 4952** 4582 139) 


* Commenced experiments and improvements. 
** New controls and thermometer installed. 





find plenty of large buildings today 
that are consuming steam on the 
basis of the engineers’ original cal- 
culations. 

The real key figure is the con- 
sumption per 1000 cu ft per degree 
day for space heating. For our last 
heating season (1940-41) this figure 
was 0.407, and I believe that we can 
reduce consumption another million 
pounds or more this coming season 
as the secondary dampers referred 
to in my article in the August 
HPAC were not installed until last 
January. 


More Comfort 


I have talked so much about sav- 
ing steam that you might have the 
impression we reduced the comfort 
level. As a matter of fact, we im- 
proved it. 

We are now maintaining a much 
more uniform temperature through- 
out the buildings than we did before 
the improvements were installed, 
and cold complaints from tenants 
have been materially reduced. Some 
rooms that we never could heat 
satisfactorily are now comfortably 
heated. The north arcade was cold 
and at temperatures of 20 F and 
below, the draft from this arcade 


cooled off our ground floor, elevato: 
shafts, and savings department. \\¢ 
cured this by isolating the conden 
sate from the indirect heating coil 
which is returned at about 180 Ff 
pumping it through a blast coil an: 
recirculating 2000 cfm of ai 
through this coil into the cold ar 
cade. We did not save any stean 
on this directly, but we cured a bad 
situation at a cost of the pump, coil 
piping and ducts, and the maint 
nance cost of a 3 hp motor. 

We were exhausting about 10,00) : 
cfm of warm air in the winter fron 
the main banking room, and operat 
ing a 300 car garage adjoming ou! 
main building, which had to be 
heated. On a visit to Montreal w 
picked up the idea of turning this 
warm air into the garage to offset 
some of the heating load. This was 
done by connecting the exhaust 
openings by an insulated duct over : 
the roof of a low part of the building 
to the outside air ducts in the gar 
age. This saved almost 50 per cent 


of the steam needed for heating th 


, 
garage. 

We did not have defense in mind 
when we started these improve 
ments, but we are glad now that w 
can look Uncle Sam in the eye and 
say, “We are not wasting fuel.” 
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Coordinate Dimensions of Building Equipment 


Under the sponsorship of the 
American Institute of Architects 
and the Producers’ Council, the 
American Standards Association 
organized in September, 1939, a 
representative sectional committee 
to undertake project A62, having 
for its objective and scope: 

a) The development of a basis for the 
coordination of dimensions of building 
materials and equipment, and the correla- 
tion of building plans and details with 
such dimensions. 

b) Recommendation of sizes and di- 
mensions as standards suitable for dimen- 
sional correlation. 

The advantages of a greater de- 
gree of size standardization, through 
the coodrdination of dimensions of 
building materials and equipment, 
have long been recognized by those 
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seeking economies in the fabrication 
of the component parts of buildings 
and their assembly in completed 
structures. 

While individual groups produc- 
ing certain materials and items of 
equipment have, from time to time, 
effected improvements and_ simpli- 
fications in the standardization of 
their particular products, it has 
long been evident the most effective 
interrelationship between the dimen- 
sions of all materials and assemblies 
forming the completed structure can 
only be attained by a comprehensive 
and coordinated study of all factors. 

The membership of sectional com- 
mittee A62 includes representatives 
of 38 professional and industrial as- 
sociations and organizations and 


eight members-at-large, with Max 
H. Foley, architect, as chairman 
The executive committee of ASA 
project A62 has recently published 
a brochure of 65 pages containing 
information concerning the orga 
ization, scope, purpose and advan 
tages of the project with detailed 
layouts illustrating the applicatior 
of the codérdination of dimensions to 
the plan and elevation of a housing 
project, and with numerous exan 
ples of the detail of application t 
various forms of construction, woo: 
or metal windows, wood doors 
height coérdination, joist and sla! 
floor construction, etc. This br: 
chure has been priced at $1.00; 
may be ordered from M. W. Adan 
at 110 Arlington St., Boston, Ma 
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Modern Warfare Has Made the 


Air Conditioning of Plants Essential 


ODERN war demands 
fighting machines in 
hitherto unknown num- 
bers. For a nation to survive, its 
production of war machines must 
be uninterrupted. To conceal its 
essential centers of production from 
night raiders of the air, its factory 
buildings must be of the “window- 
less” or, at any rate, of the “black- 
out” variety, tightly sealed against 
escape of any chance ray of light. 

Of necessity, factories are filled 
with heat producing machinery and 
processes. The sun pounds untold 
millions of heat units down through 
their vast roof expanses. Without 
the openings customary in the past, 
this heat would result in unbearable 
inside temperature in the summer. 
Thus, modern war has made indus- 
trial plant air conditioning of one 
form or another a defense necessity. 
One of the most recent examples is 
the new Packard Motor Car Co. 
plant, Detroit, for the production of 
Rolls Royce aircraft engines. 

To speed production without sac- 
rifice of precision and quality, 
manufacturing of the Rolls Royce 
Merlin engine for the RAF will be 
carried out at this new plant in an 
atmosphere of 75 F dry bulb tem- 
perature and 50 per cent relative 
humidity even in midsummer 
weather. Both the aircraft assem- 
bly building and the test and tear- 
down building are air conditioned, 
the “indirect” method being used. 
The cooling effect is distributed to 





the various fan systems by means 
of cold water chilled by two 500 ton 
centrifugal refrigeration machines. 
There are four fan systems in the 
assembly building alone, each cir 
culating 55,000 cfm of air through 
a system of overhead ducts. The 
systems are arranged to introduce 
varying proportions of outside air 
between 40 and 100 per cent of the 
total air circulated. The same sys- 
tems are used for winter heating. 
The equipment for the various 
air handling systems is situated in 
penthouses at the roof level. Each 
of the systems contains the follow 
ing major items: Two outside air 
dampers, one for handling 40 per 
cent and the other for handling 60 
per cent of the total air; one recir- 
culating damper ; one relief damper ; 
one set of removable, cleanable air 





MODERN WARFARE—demanding as it 
does fighting machines in heretofore un- 
known numbers, and employing air at- 
tacks on the industrial facilities of the 
enemy—has made the air conditioning 
of windowless, blackout plants essential 
to efficiency and uninterrupted operation. 
Thousands of tons of refrigeration for 
air conditioning serve America’s new 
defense plants. ... At the Packard Motor 
Car Co.’s new factory for the production 
of Rolls Royce Merlin aircraft engines 
for the RAF, two 500 ton centrifugal 
refrigeration units supply chilled water 
to the four fan systems for the assembly 
building. The air handling equipment. 
to which the chilled water is piped, is 
installed in four penthouses on the build- 
ing’s roof. . . . This description was pre- 
pared by F. O. Jordan, consulting engi- 
neer. The building was not engineered 
by him, however. The architects and 
engineers were H. E. Beyster Corp. 
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filters; one set of tempering coils 
for heating service with steam; one 
set of chilled water air conditioning 
coils; one set of reheating coils for 
heating service with steam; one 
winter humidifier; one set of en 
trained moisture eliminator plates ; 
one centrifugal fan with capacity of 
55,000 cim at 134 in. static; one 
three phase, 60 cycle, 440 volt, 1200 
rpm motor with v belt drive; and 
the necessary controls and acces 
sories. 


Operation of Systems 


The refrigerating capacity of the 
centrifugal compressors is varied 
manually by regulation of suction 
throttling valves or dampers. Ad 
justing these valves toward the 
closed position reduces the refrig 
erating capacity of the machines 
because the pressure and hence the 
temperature of the evaporators in 
the water coolers is raised, and be 
cause the pressure (and hence the 
density) of the gas to the compres 
sors is reduced so that less gas ts 
handled. 

The controls for the remainder of 
the system are fully automatic. 
Even the change-over from heating 
to cooling is accomplished without 
attention. The control system is 
pneumatic with motor operated 
valves and dampers. 

As long as the fan is out of op 
eration, the outside air and _ relief 
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trol system to summer operation 
The thermostat and humidistat in 
the return air duct are reversed and 
reset from the winter setting of 72 
F and 30 per cent to the summe: 
setting of 75 F and 50 per cent. The 
humidifier is cut out of service, an 
the 60 per cent damper is modu 
lated toward the closed positior 
with rising outside wet bulb tem 
perature. 

Under summer operation, — th 
chilled water supply to the indirect 
air conditioning coil is regulated b 
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means of a three way valve operat 
ing under control of both the the: 


es ee 


aa y : mostat and the humidistat in the 
— , return air duct to prevent rise « 
i. ; . os building temperature and humidit 
above the desired effective tempera 


Air conditioned, indirectly lighted main assembly building, 5 
ture. Under conditions when the 


showing the four penthouses for the air handling equipment 
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sensible load on the building is s 








dampers are closed. As soon as the rises to a predetermined point, a light in proportion to the latent loa : 
fan is placed in operation, the 40 thermostat in the outside air intake that overcooling would result, tl 
| per cent outside air damper opens. automatically changes over the con reheating coil comes into service j 
\s long as heat is required in the 
building, a thermostat in the return 3 
air duct holds the 60 per cent out In the aircraft engine industry there has always 
side damper closed. been one slogan: Quality must never give way to 
If the mixture temperature of the production; quality must be maintained at all times, 
nara a ee eee and production must be worked out based upon the 
rican etic Oey Begessity for quality, | 
nH nedenca nadie St tae As the British handled it, the Rolls Royce was practi- 


damper. 


cally a handmade engine; even under the terrible 
beating of repeated bombing raids, the Rolls Royce 
never was produced by methods of mass production. 


In addition to controlling the 
position of the 60 per cent damper, 


bene diak tana, siihibilly 


the return air thermostat also mod 





ulates steam to the reheating and The British have made the Merlin the hard way. 
tempering coils in sequence to main In America the hard way will be made not easy, but 
tain the desired dry bulb tempera easier.— From a radio address by Major-general 
ture in the building. If the outside George H. Brett on the occasion of the Packard Motor : 
air temperature falls to 32 F, the Car Co.'s first production of the Rolls Royce engine. 


outside air thermostat holds the 
steam valve open to the tempering Vag 
cou, while the return air thermostat “4 ; 
modulates the steam valve to the 
reheater coil to maintain the desired 
building temperature. A humidistat 
in the return duct controls the hu- 
midifier to maintain 30 per cent 
relative humidity in the building. 

In “between “season” weather, 
when heating or refrigeration are 
unnecessary, and when the mixture 
temperature of outside and recircu- 
lated air is above 50 F, the 60 per 
cent damper is permitted to open to 
introduce outside air in the quan- 
tity required for removing internal 
heat. 

When the outside temperature 


Part of the air conditioning equipment 
serving this important defense factory 
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CHECK WEAK SPOTS 
IN PIPING LAYOUT 


By A. C. Kirkwood 


N CONCLUSION, men, let me 

repeat that we must maintain 

a high degree of freedom from 
shutdowns. Full time production 1s 
vital to our defense work. To pro- 
duce for civilian consumption we 
must use our remaining equipment 
to the greatest possible extent. See 
to it that all equipment and facil- 
ities are carefully operated and care 
fully maintained at all times. Thank 
you. Good night.” 

x * 

“Say, Chief, the Old Man sure 
unloaded tonight. I'll bet there 
wasnt a foreman present who 
didn’t squirm at least once.” 

“Right, Gard. There will be a 
big draft around here if things go 
wrong, but let’s not get caught in it. 
Let’s go over the whole piping lay- 
out and remove the weak spots.” 

“Sounds good on paper, Chief, 
but how are we going to do it with 
24-hour production and some de- 
partments on a seven-day sched- 
ule?” 

“Pick your weak spots first. Fix 
up those that you can without hav- 
ing to interrupt service. See what 
you need for the others, and we'll 
arrange for the time to do the work. 
Let’s have a list with your sugges- 
tions. Suppose you start Curt 
Barnes and Jack Davis on it in the 
morning.” 

<e 2 


Valves 


CASE 1—Seats and discs on 


gate valves cutting out in few 


months on steam supply lines to 
pressure cookers. 





-=-to avoid shutdowns 


“See what you need, and we'll arrange for the time to do the work. 
Suppose you start Curt Barnes and Jack Davis on it in the morning.” 


CHECK WEAK SPOTS — Twenty-four 
hour a day production, seven days a 
week, makes “preventive maintenance” 
of heating, piping and air conditioning 
services essential. Mr. Kirkwood (of 
Burns & McDonnell Engineering Co.. 
and a member of HPAC’s board of con- 


sulting and contributing editors) tells 
here how the Chief and Gard looked 
over their piping layout and decided to 
fix up some of the things that might 
cause trouble and interrupt production. 
, A similar job should be done in 
every plant where piping is a vital factor 





These valves are used for throt 
tling, a service for which they are 
not best suited. However, the real 
trouble lies behind this apparent 
answer. The amount of steam re 
quired during various stages of pro 
cessing varies considerably. Also, 
when first installed, only 25 psi low 
pressure steam was available. When 
a new batch is started in the cooker 
these valves are opened wide for 10 
to 15 min and even then the 25 psi 
system has difficulty in _ getting 
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adequate steam to the cooker 
Valves are then well throttled to 
hold prescribed conditions, but as 


further ingredients are added, 
must be partially opened for a short 
tume to compensate for the incon 
ing cold materials. Then they ar 
almost closed for the balanc« 
cooking period. 

Obviously, gate valves were s¢ 


, 
or tive 


lected originally because of a com 
bination of low available steam 
pressure, low loss through the valve, 
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and lower cost of valve and connec- 
tions than a globe valve to operate 
with the same low pressure loss. 

The trouble can be eliminated in 
several ways. First, there is avail- 
able now a 50 psi steam header that 
can be enlarged to accommodate 
the load of the cookers. Globe 
valves can be installed to supply 
each cooker. 

The second method is based on 
the fact that a large volume of 20 
to 25 psi steam without regulation 
is required in one part of the pro- 
cessing while only medium or small 
amounts at lower pressure are re- 
quired the balance of the time. The 
answer, in this case, is to bypass 
the gate valves with a proper sized 
globe valve. Both valves will be 
open during the warm-up period. 
When the materials are at proper 
heat the globe valve alone will be 
capable of maintaining adequate 
flow while throttled and, when 
practically open, it can handle the 
added load of additional material 
added to the batch in the cooker. 

Under present conditions, the 
smaller valve should be more 
readily obtainable without excessive 
delay. 


Gaskets 


CASE 2—Leaking gaskets are 
showing up regularly on steam 
lines to engines on grinding mills. 

The cause is apparently traceable 
to vibration, since the gasket leaks 
are found after periods of high load 
on the engines. It is during these 
periods that the lines vibrate mate- 
rially. It is apparent that the lines 
cannot handle adequately the flow 
of steam required under maximum 
load conditions; the engines are 
“starved.” 

For the bulk of the operating 
time the lines are satisfactory. 
Therefore, it is not particularly de- 
sirable or necessary to replace them 
with larger lines if other remedies 
are available. The vibration due to 
starving is interwoven with the in- 
herent pulsating demand for steam 
and the required acceleration and 
deceleration of the velocity of the 
steam. Inability to produce the 
necessary acceleration with main- 
tenance of virtually constant pres- 
sure leads to even greater steam de- 
mands, thus aggravating the situa- 
tion. The regularity with which 
these transient conditions repeat is 
reflected in the more or less flexible 
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ency” in the steam system. 
end improvements are eliminated 


piping system. Even though braces 


and snubbers might reduce the 
piping vibration, it is not possible 
to eliminate the main vibration 
troubles. 

The remedy, other than com- 
plete replacement by a larger line, 
lies in providing greater “resili- 
Supply 


because higher pressure is not de- 
sirable. Therefore, the improve- 
ment, if any, must be made at the 


receiving end—a receiver should 


answer this particular problen 
Fundamentally, the receiver o 
minor accumulator is a simple cor 
trivance. If selected or sized wit! 
care and properly located it wi! 
often solve this type of problem. Fo 
this type of service the receiver 
not expected to store a_ larg 
amount of steam. It is not supposs 
to carry the engine load for an ay 
preciable time. On the other han 
it must be capable of caring for t! 
difference between inflow at vir 
tually constant rate and outflow 
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duct system. 


Dept. 


It is difficult to cite any exact data 
concerning the conditions which make 
for human comfort because of wide 
variations in individual preferences. It 

| is easier to cite experience concern- 
ing complaints from various rooms in 
buildings. 

In a trust and savings bank, for 
exainple, with sealed plate glass win- 
dows on three sides, the downdrafts 
in cold weather across the desks along 
the outside walls were insupportable, 
since the air for ventilation entered 
through ceiling diffusers of a type 
which tended to increase rather than 
to diminish the rapid movement of air 
down along the glass. The matter 
was corrected by reducing the tem- 
perature of the entering air and by 
adjusting the automatic temperature 





control so as to increase the tempera- 
ture of the water in the radiators, thus 
insuring they were always warm in 
chilly weather. Had no radiators been 
installed under the original design, the 
correction would have been very 
costly. 

In a number of large general offices, 
the original installation was of the all- 
indirect type and continual complaint 
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Cre Radiators Vlecessary in 
Gir Conditioned Buildings? 


In connection with all-year-round air conditioning for offices we some- 
times find that bidders will guarantee winter temperature conditions BUT 
NOT COMFORT waless direct radiators are placed (or left) under win- 
dows; the argument being that due to downdrafts along the windows 
there will be a cold sone which cannot be corrected by hot air from the 


Why is there such a difference of opinion about this point and which 
group of adherents has the greater weight of experience behind it? We 
have been irying to get away from our old radiators and now a group 
of “experts” tells us, in effect, that it can’t be done—l 


H., Engineering 


was made of cool air movement dow: 
ward along the outer walls and at t! 
double windows. The correction in 
volved installing radiators which, 
the thermally induced updrafts ab 
them, neutralized the drafts. 

It is always less expensive to pri 
tect building equipment from freezing 
by local thermally circulating heat 
transmitters such as radiators or con 
vectors, than by continuous operatior 
of fans, as would be necessary in all 
indirect systems. 

I have had wide experience wit 
various types of indirect heating, bot! 
by warm air and by steam convectors 
Such systems give acceptable results 
in small homes and in large industria 
buildings, but I would install local heat 
under the windows and along outsi 
walls in my own home, in my chi! 
dren’s school room, and in my ow 
office, even though in some rooms th 
local heat may be furnished by wart 
air from indirect convectors.—SAMU! 
R. Lewis, consulting engineer, a1 
member of HPAC’s board of consul! 
ing and contributing editors. 

[Note—Comment on this questi 
from HPAC's readers will be wi 
comed by the editors.| 
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meet engine demands varying widely 
during each cycle. The receiver 
should have a volume several times 
that of the engine cylinder, say, four 
to six. The installation should be 
made as close as possible to the en- 
gine and the short interconnecting 
lines should be without unnecessary 
fittings and of relatively large 
diameter. 


Threaded Joints 


CASE 3—Leaking of threaded 
joints in high temperature steam 
lines persists at times even when 
attempts have been made to seal 
weld. These joints on small lines 
to power plant auxiliary equipment 
are difficult to keep tight, especially 
where pipe wall temperatures are 
subject to even infrequent heating 
and cooling. 

These joints depend for tightness 
upon metal-to-metal contacts along 
the spiral of the threads. If the 
threads are not true or have blem- 
ishes, these joints are likely to leak. 
When severe temperature changes 
take place the joint is subjected to 
considerable working which may 
open up the normally satisfactory 
metal-to-metal contact. 

Frequently leaking joints of the 
threaded type are seal welded in the 
hope that the leaks will be stopped 
once and for all. Sometimes satis- 
faction is achieved, but in many 
cases the leak persists. Welding 
sets up localized high temperature 
areas that must cool as the welding 
is finished. During the welding and 
cooling process it is entirely pos- 
sible for differential expansion to be 
set up with resultant cracking of the 
weld metal. 

The answer to this problem is the 
use of suitable equipment and tech- 
nique. There are several lines of 
welding fittings for 
small high pressure, high temper- 
ature piping ; these are often referred 
to as socket weld valves and fittings. 
The plain end pipe is inserted into 
the socket but not to a distance 
where the pipe is resting firmly on 
the bottom of the socket. When 
welded with a smali clearance there 
is practically no chance for differ- 
ential expansion. Consequently, 
there is but little chance of cracking 
the weld metal. In the hands of a 
competent welder, this joint is an 
answer to the problem of leaky 
threaded joints in small lines. 


valves and 








High Jemporature Piping 


NASMUCH as steam tempera 

tures in modern central stations 
are approaching those used for the 
commercial production of hydrogen 
by reaction between steam and iron, 
an investigation was undertaken at 
Purdue University of the corrosion 
by steam of the various steels which 
are available for high temperature 
service. Apparatus was constructed 
and technique developed for meas 
uring the amount of corrosion on 
unstressed specimens due to temper 
atures up to approximately 1400 F, 
and pressures up to at least 1600 
psi gage. Ina paper by H. L. Sol 
herg, G. A. Hawkins and A. A. Pot 
ter given at the ASME meeting in 
Louisville, October 12-15, data were 
presented showing the effect of vari 
ous types of surface finish and meth 
ods of scale removal, time of expos- 


ure to steam at 1100 F tor various 
intervals of time up to 2000 hr, ex 
posure for 500 hr at steady steam 
temperatures from 1000 F to ap 
proximately 1400 F, and temper 
ature fluctuations on the corrosion 
resistance and spalling of scale on 
round bars, as well as convex, con 
cave and flat surfaces Data on 
the corrosion of cast steels and some 
special alloys were also given 


The resistance of allov steels t 


high temperature steam is greatly 
by the amount of chro 
\lloy steels containing 


influenced 
mium present 
7 per cent or more of chromium are 
very resistant to corrosion produced 
by steam at temperatures up to at 
least 1400 F The 18-8 stainless 
steels showed practically no corro 
sion when subjected to steam up to 
1400 F 





Corrosion 
CASE 4—Corrosion in hydro 
chloric acid lines. These lines wer: 
designed originally for handling 
rather weak concentrations, Due to 
changes in process the concentra- 
The en- 

monel 


tion now runs quite high 
tire system was made of 
metal and good service was had un- 
til the recent change in process. 

A discussion with the process en 
gineers develops the definite fact 
that the higher concentrations are 
necessary to proper manufacture. 
Monel metal, according to good au- 
thorities, is satisfactory where hy 
drochloric acid concentrations are 
about 20 per cent or less. The 
proper solution of this problem ts 
complete rebuilding of the acid lines 
using pure nickel pipe, valves and 
fittings. Silicon bronze might be 
satisfactory as an alternate material 
but only where some corrosion can 
be permitted. In this case added 
wall thickness is desirable to offset 
the effects of corrosion. 

As in all cases where strong 
chemicals or chemical solutions are 
handled, considerable thought must 
be given both to original materials 
and to changes of materials should 
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chemical solutions be altered. Oper 
ating and maintenance men, metal 
lurgists, engineers and chemists of 
the operating company usually are 
well versed in these problems and 


their proper solution 


However, 
many headaches and much money 
can be saved frequently by calling 
in outside consultants and manufac 
turers’ representatives 

+ 


“Well. Gard. these 


suggestions certainly show up som 


comments and 


of our weaknesses.” 


the 


“Right, and those are not 
only ones I'll have more of them 
as we go over the plant, but solu 
tions and the write-ups don't come 
as easily as finding the troubles.” 

“There is one thing that will I 
easy this time, though. You won't 
have to worry about getting the Old 
Man’s approval for most of the ex 
penditures. Forget the change in 
acid lines until I have taken it up 
with the bosses. \s for the other 
changes, here is the Old Man's 
memo covering authorization for 
materials and labor for all neces 
sary preventive maintenance. I'll 
O.K. your requisitions for each job 
Get ‘em done quickly and cor 


rectly = 


681 

















CAN CEILING OUTLETS 


NE of the greatest recent 
advances in air distribution 


came with the discovery of 
the ceiling diffuser. With this device 
the engineer is able to insure draft- 
less distribution in many spaces 
which present difficult problems ; the 
low ceiling basement, the narrow 
corridor, the brilliantly lighted room 
requiring great quantities of air—all 
have been handled successfully with 
ceiling diffusion. 

The use of ceiling air diffusion 
has sometimes been limited by its 
unfortunate habit of soiling the ceil- 
ing. The dirt deposit is heavier and 
accumulates more rapidly on rough 
ceilings of the very type the architect 
so often selects for acoustical effi- 
ciency and artistry, A prominent 
engineer told us recently that “any 
one who uses any type of ceiling 
outlet on any ceiling that is not 
smooth and washable is; in my opin- 
ion, a fool.” 


Unsponsored Study 


Last fall we started an unspon- 
sored “research, project” —— not in 
any laboratory, but out in the field 

to discover the cause of smudg- 
ing and (if possible) its cure. We 
had no theories. We knew that no 
one type of diffuser had been 100 
per cent successful; but we had re- 
ceived reports that certain jobs 
were clean. Finally, we knew that 





certain architects and owners were 
jumping from one diffuser to an- 
other in a vain effort to eliminate 
smudge. 

With this meager start, we inves- 
tigated job after job. We played 
no favorites. Every type of ceiling 
diffuser we could find installed was 
scrutinized carefully. Our only re- 
striction was that we did not con- 
sider the evidence conclusive until 
a job had been in and running at 
least eight months. Believe it or 
not, we did find clean jobs. Wher- 


we 





ever we did, we made a thorough 
investigation, our object being to 
find how those jobs differed from 


the dirty ones. 

One building was particularly in- 
structive. In that job over 200 dif- 
fusers had been installed, most of 
them in perforated acoustical ceil- 
ings. Air was supplied by 16 differ- 
ent fans. Of these 16 systems, all 
but two were clean. One of these 
two had extremely dirty ceilings 
and the other was moderately dirty. 
Our problem: Why in the same 
building, even on the same floor, 
should diffusers deposit dirt at one 
location and not at another? Obvi- 








ously, the secondary or room ai 
was not the guilty party since roon 
air at one point was no dirtier thar 
at another point just a few feet 
away. Why were some ceiling 
clean and others dirty ? Obviously it 
must be a difference in the qualit 
of the primary air stream. At out 
lets where the ceiling was clean, th: 
air stream must be comparativel 
free from dirt. An investigation o 
filters showed them to be of an wu 
usually efficient type. An investiga 
tion of the dirty systems disclose 
the simple fact that they had bee: 
run without filters for a short pe 
riod. (Incidentally, in most larg: 
cities even a day’s run without fil 
ters is enough to deposit consider 
able smudge. ) 


Culprit—Supply Air 


That job gave us a new hypoth: 
sis upon which to work, namely 
that it is supply air and not roon 
air which is causing most of th 
trouble. If good filters, properl 
placed, are used, dirt deposit will 
not be noticeable within the normal 
period before redecoration. We 
continued our investigation and ar 
still doing considerable work alon; 
these lines. 

To make a long story short, afte 
investigation of many installations 
we found that clean jobs invariabl 
had : 

1) Good filters. 

2) Filters placed on the intake sic 
the blower or one bank on each sick 

3) A tight job with no air bypassi: 
filters at any time. 

We also investigated many dirt 
jobs. In no case did we find all 
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CEILING SMUDGE is too often a prob- 
lem in air conditioned buildings, par- 
ticularly where the ceiling surface is 
rough. To find the cause—and also, if 
possible, the cure — the authors in- 
augurated an unsponsored “research 
project,” as reported here. They put the 
blame on the supply air rather than the 
room air and found that invariably the 
clean jobs had good filters, filters placed 
on the intake side of the blower or one 
bank on each side, and were of tight 
construction with no air bypassing the 
filters at any time. For clean ceilings, 
they recommend an efficient filter for the 
particular use it is to be put, filters on 
the intake side of the blower, a tight 
sheet metal job, no air to bypass the 
filters at any time, and an outside air 
intake in just as clean a spot as possible 


eee 


three of these conditions prevailing. 
In most we found ineffective filters 
on the duct side of the fans. One 
job, with two banks in that posi- 
tion, showed dirt spots on the far 
side of the second bank after only 
one week of operation. In another 
job, we found that air was allowed 
to bypass filters during certain 
hours of each day. 

A careful survey of the evidence 
accumulated leaves only one con- 
clusion. The supply air, that which 
passes through the duct, is mainly 
guilty. 


What to Specify 


The architect or engineer may 
have relatively clean ceilings if he 
will specify : 

1) An efficient type of filter for the 
particular use to which it is to be put. 

2) That the filters or at least one bank 
of filters be placed on the intake side of 
the blower. 

3) A tight job of sheet metal. 

4) That no air be allowed to bypass 
filters at any time. 

5) That the outside air intake be 
placed in as clean a spot and as far above 
the street level as possible. (This will 
reduce the load on the filters consider- 
ably.) 

It will undoubtedly occur to the 
architect and engineer that it would 
be far better if the manufacturer 
would develop a type of diffuser 
which would eliminate dirt on the 
ceiling even though these precau- 
tions were not taken, We will grant 
that this would be the ideal solu- 
tion, for good filters are expensive 
and so are good tight sheet metal 
jobs. That solution may be possi- 
ble at some time in the future but 
it is a real problem and so far as 
we know it has not yet been solved. 

The obvious solution is to direct 








On a job of this kind, clean supply 
air is of particular importance 


the air down from the ceiling just 
enough to clear it and _ still not 
enough to cause drafts. That would 
be fine but for the fact that air will 
not always follow our trained 
arrows. 

An important reason for the suc 
cess of ceiling diffusers in many 
cases 1s (according to our experi 
ence) the tendency of air in motion 
to follow a flat surface whenever it 
is introduced at or near that sur 
face and whenever its direction is 
parallel to or at an angle of less 
than 45 deg from that surface. The 
air delivered hugs the ceiling in a 
comparatively thin stream, follows 
down the side walls, across the 
floors and then back to the center 


of the outlet in a continuous cycl 

It is this pattern of air motion 
that makes it so difficult to prevent 
ceiling smudge and at the same time 
avoid drafts. It is possible to ce 
sign a ceiling diffuser which will 
blow all the air downwards and thus 
discharge air into a given space 
without sweeping the ceiling but if 
this is done, it is almost an impos 
sibility, except in rooms with vers 
high ceilings, to avoid dratts 

Whether an outlet can ever le 
built which will deliver dirty air to 
a room and not smudge the ceiling 
is a moot question. In the mean 
time, comparatively clean ceilings 
may be had if these precautions are 
taken. 





Solvents 


Under Rigid. Control 


Acting upon advices from the de- 
partment of agriculture to the effect 
that the nation’s food supply was 
facing a serious threat as a result of 
shortages of certain chemicals used 
by farmers and food warehouses for 
fumigation purposes, Donald M. 
Nelson, director of priorities, last 
month placed under rigid control all 
stocks of chlorinated solvents. These 
are defined in the order as carbon 
tetrachloride, trichlorethylene, per- 
chlorethylene and ethylene dichlo 
ride. 

A preference rating order assigns 
a priority rating of A-10 to all de 
fense orders for these solvents, 


which have not been granted the as 
sistance of a higher rating; and sets 
up a “ladder of uses” with respect 
to the supply of these chemicals 
after defense requirements have 
been met. Uses for which the rat 
ing of B-2 is assigned include charg 
ing of fire extinguishers; grain 
fumigation; the manufacture of re 
frigerants ; the processing and man 
ufacturing of food, chemicals, 
rubber and petroleum, where substi 
tution of other materials is imprac 
tical, and for certain other listed 
uses. The preference rating of B-8 
is assigned to a group of other civil 


ian uses, 
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PIPING AND CONTROL 


for Storage Air Conditioning 


William Goodman Gives Recommendations for Jobs 
Where Compressor Capacity Is Smaller Than Load 


HE diagrams on pp. 561, 562 


and 563 of the September 

HPAC showed a single cir- 
culating pump for the storage re 
frigeration systems described. <A 
single pump is perfectly satisfactory 
for installations in which the stor 
age tank is used only to prevent 
short cycling of the compressor ; that 
is, installations in which the running 
period of the compressor is never 
greater than the actual cooling 
period. However, for installations 
where the running time of the com 
pressor is greater than the actual 
cooling period, it is more desirable 
to use two separate pumps with the 
storage tank, as illustrated here in 
Fig. 1. A pump must be used to cir 
culate water whenever the compres 
sor is running. If a single pump is 
used, it must circulate the water 
against the entire head of the system 
during the water cooling period 
when no conditioning is required 
Qn the other hand, if a separate 
pump is used for circulating the 
water between the water chiller and 
the tank, as shown here, more eco 
nomical pump operation will be 
obtained. 

\ further disadvantage of circu 
lating systems like the ones illus- 
trated on pp. 561 and 563 in Sep- 
tember is that the storage tank 
must be capable of withstanding the 
entire pressure of the system. Be- 
cause of the large tanks that gen 
erally are necessary in systems 
where small compressors are used, 
tanks open to the atmosphere are 
usually more economical to install. 
When an open storage tank is used, 
the coils can be installed in the stor 
age tank or, as is more commonly 
the case, a separate chiller can be 


Copyright, 1941, by William Goodmar 


Fig. 1—Arrangement of piping and 
controls in storage tank system 
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STORAGE — There are many places 
where cooling is required for only a few 
hours each day. In such cases, it is 
sometimes possible to make worthwhile 
savings in air conditioning operating 
costs by using a chilled water or ice 
storage tank. This is particularly true 
if the electrical demand charge is a sub- 
stantial portion of the operating cost. 

. . William Goodman, consulting engi- 
neer, The Trane Co., and a member of 
HPAC’s board of consulting and contrib- 
uting editors, presented last month data 
to simplify computation of the compres- 
sor size and the storage tank required 
for chilled water systems. This month 
he gives information on the piping, tanks. 
and control, and shows derivations of the 
various equations which he has developed 





employed In either case, more 
economical operation will generally 
be obtained if a separate pump is 





provided to circulate the water be 
tween the storage tank and the wate 
chiller as in this month’s Fig. | 


Water Control 


\ three-way valve is used for eacl 
air conditioning unit, or for ar 
entire group of units in a single zon 
The thermostat actuating the three 
way valve for the air conditioning 
unit should be situated in the retur: 
air stream. The amount of water 
supplied to the conditioning units 
will then be governed by the dry 
bulb temperature in the conditioned 
spaces. 

In addition, a three-way val\ 
should always be used to bypass 
water around the storage tank an 
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into the suction of the conditioner 
pump. This valve should be con 
trolled by a thermostat in the water 
lischarge line in the conditionet 
pump. By means of this thermostat 
ind three-way valve, water will be 
supplied to the air conditioning 
units at a constant temperature re 
gardless of the temperature of the 
water in the storage tank. This is 
highly desirable, not only because 
better temperature control will lb 
obtained if water at a uniform tem 
perature is supplied to the air con 
ditioning units but also because 
greater economy will be achieved 
\t the beginning of the conditioning 
period, if water at the low tempera 
ture in the storage tank is supplied 
to the air conditioning units, exces 
sive dehumidification will occur 
with resulting unnecessary increas« 
in compressor operation 

In Fig. 1, 
three-way valve at the storage tank 


water leaving the 


is discharged either into the suction 
of the conditioner pump or the suc 
tion of the chiller pump; the wate 
is not discharged back to the stor 
age tank directly. By connecting 
one of the lines from the three-way 
valve at the storage tank into the 
suction of the chiller pump, water at 
a higher temperature will be sup 
plied to the water chiller. In this 
way, during periods when the three 

way valve is sending water to the 
suction of the chiller pump, the 
compressor will operate at a higher 
suction temperature and with result 
ing greater capacity and economy. If 
desired, the three-way valve can be 
arranged to close against the suction 
line to the chiller pump whenever 
the conditioner pump stops. This 
will eliminate any possibility of cre 
ating a slight circulation of chilled 
water through the coils of the con 
ditioning unit when the fan is off 


Tank Baffles 


\ side view of the tank jllus 
trated in Fig. 1 is shown in Fig. 2. 
Baffles are frequently used in these 
storage tanks in order to assure 
thorough mixing of the water. W. 
F. Friend states [see Refrigerating 
Engineering, February, March and 
April, 1938] that “Preferable ar- 
rangement of baffles is vertical, plac 
ing them across width of tank at 5 
to 6 ft intervals. Alternate baffles 
then project above normal static 
water level and terminate about 1.5 
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ft above tank botton ntermediate im the tan an be cooled 
baffles start 1 ft below water level submerged coil without am 
and extend to floor Provisior circulation. However, forc 
should be made for venting the air lation of the water in the 
spaces between alternate baffles highly desirable not o1 ly becaus« 





Fig. 2—Side view of storage tank showing baffle arrangement 


above water line, and small ope the improved heat transtet 

ings are needed at bottom to permit oils to the water, but also because 
flushing out sediment toward sump the water in the storage 

at one corner of tank floor.’ be maintained at a more ne 


Thorough mixing of the water must form temperature 
take place in the tank or the storage 
Compressor Control 


effect mav be greatly decreased 


For installations of the type illus 


trated on p. 562 in the September [he compressor should be st 
HPAC. in which the coil is sub automatically whenever cooling 
merged in the tank, a single pump provided in the conditioned space 
may prove satisfactory if the head [he compressor can be started 
against which the pump must work matically either by the starting 
is not too great However, 1f the of the fan circulating chilled an 
external head is of anv magnitude at through the conditioned spaces, or 
all, it will frequently prove more by the starting of the conditione: 


a 
> 


economical to provide a separate pump which circulates « 


small pump simply for circulating between the storage tank and th 
water throughout the tank alone air conditioning unit. The compres 
Instead of providing a_ separate sor can then be allowed to run co! 
pump, a bypass valve can be used to tinuously as long as air conditioning 
bypass the water around the air cor is being provided 
ditioning equipment whenever coo] \ thermostat should be installed 
ing is not required in the condi in the storage tanl This thermo 
tioned spaces. However, in_ this stat should stop the compressor 
case, the pump efficiency may he when the water in the tank has { 
poor It is necessarv to check the nally been cooled to the predetet 
efficiency of the pump when work mined low point, say, approximatel 
ing against both heads to determin 36 to 40 F. In this way, whenever 
whether a single pump will be sat conditioning is required, e con 
isfactory. Whether an extra pump pressor will be sure to run. How 
is warranted for an installation like ever, even after the air conditioning 
this must be decided on the merits unit has been stopped, the compres 
of the individual case sor will continue to run until the 
Incidentally, for a storage system water in the tank has beer ole 
with submerged coils, there ts to a sufficiently low temperature 
strictly speaking—no need to oper It is important to remember that 
ate a pump at all during the period the compressor must be started 
when no cooling is required in the whenever the air conditioning ut 


conditioned spaces. If sufficient coo! is started. If the compressor is not 


ing surface is provided, the water started, the conditioning load will 
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heat the water in the storage tank 
to too high a temperature before the 
need for conditioning has ceased. 
The compressor on starting would 
then be faced with the double duty 
of simultaneously cooling the water 
and the conditioned space which 
would, of course, be impossible. For 
this reason, the compressor should 
be started whenever the air condi- 
tioning is required and should be 
allowed to run until the thermostat 
stops it. 

Control of the compressor as de- 
scribed above can be accomplished 
by wiring the tank thermostat in 
parallel with the holding coil of the 
starter of either the circulating fan 
or the conditioner pump. In this 
way, either the starting of the fan or 
pump, Or a rise in water tempera- 
ture, will start the compressor, and 
the thermostat must always be satis- 
fied before the compressor can stop. 
The thermostat should have a small 
differential, say 2 deg or less, so that 
if conditioning is not required for 
some time during a cool period, a 
tank of cold water will always be 
available for a sudden hot spell. 

For the rare occasion when the 
air conditioning load is less than the 
compressor capacity, the water 
would cool toward the freezing 





SMOKE 


ae ae nye ; 
MONG the chief causes of 
failure of initial smoke cam- 


paigns to develop into permanent 
smoke abatement programs have 
been the following: (1) Miscon- 
ceived ideas of the real problems in- 
volved. (2) Misconception of the 
time element required for perma- 
nent smoke abatement. (3) Lack of 
sufficient properly informed public 
sentiment. (4) Lack of active and 
forceful individuals and organiza- 
tions backing the program. (5) Lack 
of competent men in the municipal 
smoke abatement department. (6) 
Improper organization of the smoke 
department. (7) Disregard for the 
economic situation of the commu- 
nity. (8) Ineffective smoke pre- 
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point, and under extreme condi- 
tions, might cool to the freezing 
point. To prevent this, an auxiliary 
low limit thermostat should be in- 
serted in the pipe line leaving the 
water chiller. Whenever the water 
leaving the chiller falls to about 
35 F, the compressor should be 
stopped. 

In order to be sure that water is 
circulating through the chiller when- 
ever the compressor is running, it is 
desirable to insert an orifice or pitot 
tube in the chiller pump discharge 
line. A differential switch should 
be connected across the orifice or 
pitot tube as mentioned in my Sep- 
tember article. When water is flow- 
ing through the chiller, the pressure 
difference across the orifice or pitot 
tube can be used to actuate the dif- 
ferential pressure switch to start the 
compressor. If a differential pres- 
sure switch is used, starting the fan 
or closing of the tank thermostat 
would not start the compressor di- 
rectly. Instead the pump circulating 
water through the chiller would be 
started first and the differential 
pressure switch would then start the 
compressor. 

The orifice and differential pres- 
sure switch offers protection not 
only against complete stoppage of 


vention educational program. (9) 
Politics. (10) Lack of sound polit- 
ical judgment on the part of those 
active in smoke abatement. (11) 
Lack of experience in municipal 
smoke abatement. (12) Improperly 
drafted ordinance. (13) Munici- 
pally owned buildings failing to com- 
ply with the ordinance. (14) Lack 
of proper financing of the program. 
—T. A. Marsh, engineer, Iron Fire- 
man Mfg. Co., at the fall meeting of 
the ASME in Louisville. 


BOUILLON 


NE of the major problems con- 
fronting the manufacturer of 
bouillon cubes — preventing the 
cubes from sticking to the machines 


water flow, but also against a ce 
crease in flow to a dangerously low 
value. If the flow should fall to 

dangerously low value due to a 
obstruction, the falling pressure dii 
ference across the orifice would tri 
the differential pressure switch an 
stop the compressor. Incidentally 
in each pump suction line straine: 
should be installed to remove di: 
from the water. 


Motor Overloading 


To cool the warm storage wat 
when the system is first placed 
operation each season, the air cor 
ditioning equipment need only be 
started and run for a few minutes 
If the control system described 
the previous section is used, start 
ing the conditioning unit will star 
the compressor and chiller pump 

There sometimes appears to lb 
some misapprehension in regard 
the overloading of the compresso: 
motor when the system is_ first 
placed in operation. As shown in 
the articles on horsepower require 
ments of refrigerating compresso1 
which ran in HPAC from Decem 
ber, 1940, to February, 1941, in 
clusive, the horsepower required b 
any compressor 1S a maximum at 





which compress and automaticall\ 
wrap them has been solve 
through air conditioning. 

Close control of humidity an 
temperature in the beef bouillo: 
cube manufacturing plant of the Ro 
manoff Caviar Co. in New York 
City has speeded up operation con 
siderably and aided materially 1 
turning out a better product. 

The Romanoff company is one 0! 
the leading firms dealing in im 
ported caviar and similar food sp 
cialties. Beef bouillon cubes, in r¢ 
cent years, had grown to become on 
of their biggest items and increase 
production presented quite a pro! 
lem. 

Material used in this food produc: 
is extremely hygroscopic. While 
direct means of moisture or humid 
ity removal and control was ther: 
fore indicated, it was necessary 
conduct tests to determine the e> 
tent of humidity control to produ 
optimum conditions. 

As a result of these tests, a rel 
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Symbols 


He = refrigerating capacity of the com- 
pressor, tons 

H. = cooling load, tons 

Hs — thermal energy stored in tank, Btu. 

H's = thermal energy stored in tank, ton- 
hours. 

@¢ = running time of compressor, hr. 

6: = duration of cooling load in condi- 
tioned spaces, hr. 


1 i 





some one suction temperature. 
Above and below this suction tem- 
perature, the horsepower required 
decreases. For chilled water storage 
systems, the compressor would or- 
dinarily be selected for approxi- 
mately a 30 F suction temperature. 
For this suction temperature, the 
“Freon” compressor requires almost 
its maximum horsepower. So close 
are the power requirements to the 
maximum horsepower that any 
actual motor selected for the com- 
pressor would probably have more 
than sufficient capacity to meet the 
maximum power requirements of 
the compressor. However, the im 
portant point to remember here is 
that for operation at suction tem- 
peratures above approximately 30 
F, the horsepower drawn by the 
compressor would probably be con 
siderably less than the horsepower 
at approximately 30 F. Therefore, 





no extra devices are required to pre 
vent overloading of the compressor 
when it is used to cool a tank of 
warm water at the beginning of the 
cooling season. 


Derivations 


When the compressor capacity is 
less than the cooling load, the run 
ning time of the compressor must 
be greater than the duration of the 
cooling load. The refrigeration pro 
duced during the period when there 
is no cooling load is stored. The pe 
riod during which there is no cooling 


load is (4 4). Hence, 


Hi*. Hie (8 ay) al 
Ultimately, all of the cooling load 


must be taken care of by the com 
pressor. Consequently, 


[1 Hiya Ib] 


This is the same as the first 
equation on p. 631 of the October 
HPAC, 

Eliminating //, 
tions (a) and (b), 


H's 6 
af | Ic] 
Hy 6, 


between equa 


For a cooling load of one 


Hy, 12.000 Btu per hi \ls 
Hs 12,000 H’s. Hence, the stor 
age required per ton of cooling load 
is 
12.000 
Vhis Is the SCCU! | equatiol g° ¢! 


on p. 631 in October 
To obtain the equation given o1 
Pp 633 of the October HPAC, write 


equation a) above as 


H's fi " " 


vhere H's is the storage capa 
quired for a compressor running 
time of &% 


Now tor the same compress 
capacity and cooling load period 


storage capacity, /7’s,, will be r 


quired for a unpressor running 


time of G-... OF 


H's He ” " 

Dividing (f) by (« and using 
the relationship /H’s,/H’ H] 
Hs,, 

/ " "" 
Hs " " 








tive hunndity of 30 per cent at a 
temperature of 83 deg was selected 
as being ideal. To maintain this 
condition, a silica gel dehydrator 
was installed for direct control of 
humidity, and a mechanical refrig- 
eration compressor provides direct 
and independent control of the tem- 
perature. 

This is believed to be the first in- 
stallation of its kind in the bouillon 
cube industry. The significant fea- 
ture of the installation is that sepa- 
rate control of humidity is accom- 
plished through use of the separate 
dehydration or dehumidifying equip- 
ment.—Edward T. Murphy, vice- 
president, Carrier Corp. 


BROKEN 


LL previous Chicago records 

for the sale of central plant 
air conditioning systems and electric 
room coolers were broken in the 
first nine months of this year. A 
total of 406 central plant installa- 
tions with an aggregate capacity of 


12,267 hp were contracted for. This 
compares with 347 systems with a 
combined rating of 75/1 hp sold in 
the corresponding period of last 
year and 355 totaling 11,381 hp in 
the former record nine months of 
1937. 

A total of 1582 electric room cool 
ers were sold in the first nine months 
of the year to chalk up an increase 
of 61 per cent over the previous rec 
ord in 1940. 

September this year was the high 
est in history in sales of both cen 
tral systems and room coolers. 
Commonwealh Edison Co. 


NOSE KNOWS 


HE eye and the nose of the 

safety engineer constitute rea- 
sonably accurate measuring devices 
for the detection of hazardous dusts, 
gases and fumes in industrial plants 
Although there are delicate and pre 
cise measuring instruments avail 
able for detecting the presence of 
dangerous dusts and vapors, it is 
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not always necessary to know the 
presence of dust particles in terms 
of “parts per million” to know if 
the air is unhealthy, or at least un 
pleasant for workmen 

If the safety engineer can see dust 
floating in the air near the work 
man he can be pretty sure it is none 
too healthy or pleasant for the work 
ers. There are many more dust 
particles than can be seen and the 
workman is breathing them during 
his entire working day. 

The same is true of invisible 
fumes and vapors. If they cannot 
be seen they may be detected by 
their odor. If a strong odor of the 
toxic acids can be detected, it is well 
to make provisions for dissipating 
the gas. I don’t believe it is good 
industrial policy to ask a workman 
to stay all day im such unpleasant 
odors even though there is no par 
ticular health damage provable 
S. W. Gurney, laboratory director 
for the Liberty Mutual Insurance: 
Co., at the National Safety Council 
Oni toher 9 
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iant Plants Build 
GIANT PLANES 





Heating and Ventilating the New Boeing Plants 
for Manufacture and Assembly of Flying Fortresses 


ITH the 41 acre bomber 

plant of the Boeing Air- 

craft Co. completed and in 
pioduction at Seattle after a record 
12 month expansion program, the 
Austin Co., engineers and builders, 
have started construction of a 
1,320,600 sq ft addition to Boeing's 
new bomber plant at Wichita, Kan- 
sas, which will soon match in size 
the enormous Seattle development. 
These twin plants, specially designed 
for speedy, large ‘scale production, 
are being used for the manufacture 
and assembly of Boeing B-17E Fly- 
ing Fortresses. 

Approximately 42 miles of piping 
carries steam, air and water direct 
to every position in the Seattle plant 
where such facilities are needed. 

Forty-six miles of pipe required 
by the sprinkler system have 20,000 
individual sprinkler heads and 75 
tons of fittings, exclusive of gate 
valves which weigh seven tons. 
Water for this system is furnished 
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in part from a 22 in. city main and 
the remainder from a 150,000 gal 
tank with a motor driven fire pump 
of 1500 gpm capacity. 

The main utility lines are carried 
throughout the plant through a 
series of tunnels, auxiliary trenches 
and underground passageways. 
These 10, 13 and 15 ft wide pas- 
sages, besides being used for utility 
lines above the headroom plane, are 
the means by which the shop 
employees have access to all under- 
ground washrooms, toilets, trans- 
former rooms, and to any depart- 
ment in the plant in which they 
may be employed without passing 
through or in any way interfering 
with the operations of any of the 
other departments. 

Executive Office Building—Heat- 
ing and ventilating is provided by a 
direct-indirect system. The tem- 
pered, washed and filtered supply 
air has a minimum of one-third out- 
side air, the balance being recircu- 


lated. The air is changed through 
out once every 10 minutes, except in 
kitchen and dining rooms where the 
air is changed every three minutes, 
and in toilets where it is changed 
every six minutes. 

There are four exhaust systems 
(1) Return air system from offices, 
etc., for recirculation. (2) Toilet ex 
haust system. (3) Dining room and 
kitchen exhaust system. (4) The 
basement kitchen has a fireproof ex 
haust with an outlet approximatel) 
125 ft from the outside air intake 

The fan room is on the roof and 
the equipment is under pneumati 
control. The air is supplied to the 
individual rooms through high ve 
locity air diffusers, and the air is 
returned through these same diffus 
ers to the fan room for recirculation 
The direct heating is a vacuum sys 
tem consisting of convectors sup 
plied with steam through zone con 
trolled valves. 

Engineering Building—The heat 
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ing and ventilating is a direct-indi- 
rect vacuum system. The ventilation 
is based on 30 cim per person, al 
lowing a minimum of 10 cim per 
person of outside air, There are 
four exhaust systems: (1) Return 
air system for recirculating. (2) 
Toilet exhaust system. (3) Blue- 
print room exhaust system. (4) 
Chemical exhaust system which re- 
moves the foul air from the labora 
tories and photographic rooms. The 
blueprint room has a separate sup 
ply system. 

The fan room is above the trusses 
in the adjoining warehouse building. 
The air is supplied to the various 
rooms and areas through high veloc- 
ity air diffusers and returned to the 
fan room for recirculation through 
grilles and ducts at the floor lines 
throughout the building. The di- 
rect heating is a vacuum system 
consisting of convectors, manually 
controlled individually. The reheat 


floor plates. 





for each floor is thermostatically 
controlled. 
Assembly Sections—These  sec- 
tions have a series of underground 
trenches, in which at regular inte: 
vals, through hinged checkered plate 
covers, electric power for welding, 
osc... also compressed air, are avail 
able with twist lock connectors. The 
temperature maintained is 65 F with 
wall type, floor type and ceiling type 
unit heaters. The ventilation is con 
trolled 
monitors. 
Primaries and Basi 
Sections 


through motor operated 
Primaries 
These sections have 
power and compressed air available 
through twist lock connections at 
practically every column. The tem 
perature is maintained at 65 F. 
Warehouses—The north ware 
house was designed for a tempera 
ture of 55 F, while the south ware 
for 65 F 


house was designed 


Ventilation is through steel sash and 


Inside the boiler house, which provides heat and compressed air for Boeing’s plant 
No, 2 at Seattle, there are five 250 hp oil fired boilers and two 900 cfm air compressors. 
All piping throughout the boiler house and plant is readily accessible through steel 
There are underground access tunnels throughout the entire plant 
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monitors. The areas are heat 
ceiling type projection heaters a1 
wall type units. 


Boiler Room 


There are five 250 


hp boilers, complete with oil bur: 
ing sets, soot blowers, steam driver 
feedwater pumps, feedwater heatet 
and hot water supply tanks. Ther: 
are three 5000 gal fuel oil tani 

arranged that they can be filled d 


rect from tank cars 
Mise ‘ llane OuUS Bu ldings i rs 
nel, hospital, gate, time office, paint 


storage buildings, and 


oxygen, hydrogen generating build 
ings are all supplied with the var 
ous utilities through underg? 
concrete waterproot trene hes 
peratures are maintained at /0 | 
with high pressure steam convector 
The dope rooms are designed tot 
a temperature of 95 F. The booths 
are ventilated by exhausting 20,000 


cfm through each booth area. T] 


air is taken from the surrounding 
floor areas throug! filters and re 
heated by unit heaters 

The finishing rooms are similar 


excepting that working temperature 

is maintained at a minimum of 75 F 
The north and south distributing 

aisles are heated with projectior 

type heaters and the temperature 1s 

maintained at 55 F 

Anodu 


tanks each have a separate exhaus 


Room The anodizing 


system complete in itself, exhausting 
all fumes arising from tanks to the 
outside The anodic room has a 
dryer system capable of drying 6000 


sq ft of surface every 20 minutes 


Steel Heat Treat Roon rhe 
various furnaces have the hoods 
connected to a separate ¢ xhaust sys 
tem. 

Washrooms are underground 
areas directly connected with th 
tunnels with arched openings 

These washrooms are heated and 


ventilated with outside air throug! 
indirect heating surface and throug! 
a fan to a duct system which 
utes the air evenly throughout th 
room, the air leaving t 
arched openings into the tunnels 


from where it is exhausted by being 
drawn into the various underground 
toilets and transformer rooms whic! 
have individual mechanical exhaust 
There are four of these was! 
rooms, each one having a svstem 
supplying 8000 cim of outside ait 
heated and controlled to maintain a 
temperature of 70 F in t 


( wasl 


rooms and tunnels 
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THe Eprror— 

I have read with considerable in- 
terest F. W. Hutchinson's article 
in the October HPAC on this sub- 
ject of panel or radiant heating. 

After many years of experience 
with radiant heating, I agree with 
Mr. Hutchinson that with radiant 
heat a room temperature of 5 to 8 F 
lower than is normally set for con- 
vected heat is found to be perfectly 
comfortable, provided the radiant 
panels are sufficient in quantity and 
correctly located. It may be that 
some installations can be found that 
do not substantiate this, but I ven- 
ture to say that any radiant heat 
system which will not give equal 
comfort conditions at a lower air 
temperature than that necessary by 
a convected heat system has been 
provided with insufficient or faulty 
radiant surfaces which do not take 
care of the radiation from the human 
body. This protection against radia- 
tion loss is the greatest factor on the 
side of radiant heating and is the 
main reason why we can have a 
lower air temperature and feel per- 
fectly comfortable. 

In addition to this, however, there 
is a distinct advantage because of 
the higher relative humidity which 
is a consequence of a lower air tem- 
perature. In cases of extreme tem- 
peratures, this higher relative hu- 
midity may not appear to be very 
substantial, but even a small per- 
centage of increase at such extreme 
temperatures will make quite a lot 
of difference to human comfort. 

There is, I think, another impor- 
tant factor which must be taken into 
consideration and that is the metab- 





WHY PANEL HEATING? 


olism of the human body. It seems 
to be well established that as the 
temperature of the air is lowered, a 
greater chemical action takes place 
within the body and more heat is 
produced. In other words, the fire 
within burns more brightly and heat 
is generated more rapidly as the tem- 
perature drops to 60 F than is the 
case where the air temperature is 
high. According to the best infor- 
mation available it seems to be 
substantiated that with a high air 
temperature the organs of the body 
relax, especially those organs gen- 
erating heat ; consequently, a smaller 
amount of heat is generated, which 
explains the reason why some peo- 
ple often feel chilly in a room tem- 
perature of 80 F or above. With 
a properly installed radiant heat 
system with sufficient radiant sur- 
faces, it is found that the human 
body can function more correctly 
and generate sufficient heat to main- 
tain a very comfortable condition 
with air temperatures as low as 58 
to 60 F. 

An English medical research com- 
mittee, after a number of exhaustive 
tests and investigations, came to the 
conclusion, that the agility of stu- 
dents is much higher and a greater 
activity of the mind and muscles is 
shown in a cooler atmosphere with 
radiant panels to protect the body 
against too much radiation loss. 
Therefore, I think we must look to 
this function of metabolism for one 
of the reasons why the body can be 
comfortable with a much lower air 
temperature. — T. Napier ApLAM, 
Sarco Co. 


AIR DISCHARGE 
FROM NARROW SLOTS 


THe Eprror— 

I was gratified to have my article 
on the discharge of air from narrow 
slots reviewed by such eminent au- 
thorities as Professor Fellows and 
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Professor Nelson on pp. 558-560 of 
the September HPAC. I noted with 
interest the formula in Professor 
Fellows’ review for obtaining the 
static pressure of air at any point in 
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a duct discharging the air through 
slots. Coming from the late Pro- 
fessor Goodenough, I have no doubt 
of its accuracy; but like several 
other formulas I checked, it seems 
to me to be entirely too intricate 
for the average ventilation engineer 
to use. 

I acknowledge that the formula 
for ascertaining friction loss in such 
a duct as given in my article gives 
approximate results only, especially 
if used for various points along the 
duct instead of at the end. How- 
ever, it seems to work out pretty 
well with actual field tests I have 
made and until something better is 
offered, it should be useful in many 
cases. 

| was interested in what Profes- 
sor Fellows said about calculating 
static pressure regain in a duct of 
constant cross sectional area and of 
constantly diminishing air volume. 
In all the data on static pressure re- 
gain I was able to find, it is assumed 
that the air mass is constant and the 
duct area changes. It would be in- 
teresting to have some experiments 
made with suitable laboratory facili 
ties in order to get definite informa 
tion about this subject. It would 
also be interesting to know the exact 
effect of turning vanes placed in the 
slots: How much of the velocity 
pressure of the air flowing in the 
duct is available for useful discharge 
work when vanes are used and how 
do they affect the discharge static 
loss? I have had a number of opin- 
ions on these subjects, with much 
variance in the views expressed. 

Regarding the formula to calcu 
late the throw of air from slots, to 
which both discussers took exception, 
it was given to me by H. M. Hend 
rickson, of Los Angeles. It is based 
on the assumption that air discharg 
ing from a narrow slot without 
turning vanes with a velocity 0! 
1200 fpm will have a throw of 20 it 

The empirical formula is 

20x Il xh 
Cfm = ————_ ............ . . [1 


‘a 
where Cfm = cubic feet per minute of ai 
volume flowing: / = length of slot, in 


h = height of slot, in. 
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Equation 1 may also be written 


Cfm = 20/3 X area of slot in sq 
ft X 144 
We also may state that 
Cfm = Coefficient of discharge > 
discharge velocity at slot 
in fpm X area of slot in 
DE tii ial G60} 0 kas 2] 


Two expressions both equal to the 
same expression are equal to each 
other. Hence, 

Coefficient of discharge * 1200 
area in sq ft = 20/3 X area in sq 
ehh ds odb mms ew ee {3] 

Solving equation 3 for the coeffi- 
cient of discharge, and assuming the 
area to be 1 sq ft, the coefficient is 
found to be 0.8. Then 

Coe = OS X 1800 X 1......§6) 

The throw of air is a function of 

the discharge velocity and the square 


root of the slot area. Therefore. we 
can say that 
Throw, in ft a constant dis 
charge veloc ity V area [5] 
In terms of the assumptions for 
equation 1 this will read 


20 a constant 1200 ’ area 
|6] 
For a unit area of 1 sq ft 
20 a constant 1200 > V1 
[7] 
and 
20 l 
a constant 
1200 V1 60 
18] 
Phen 
1 
rhrow discharge velocity 
60 
v1 [9] 





CLEVER IDEA—Each of the 40 apart- 
ments in the Brooklawn Apartments, 
Hartford, Conn., is year ‘round air condi- 
tioned by an individual unit conveniently 
installed in a closet space. Note the 
bookcase built into the door, as well as 
the intake louvers for return air. The 
units are controlled by a combination 
heating and cooling thermostat. Hot 


Photo courtesy Trane Co. 


3 





water is the heating medium, and for 
coolifig the same centrifugal pumps cir- 
culate deep well water at a temperature 
of 53 F. The closets housing the units are 
generally situated in a central section of 
each apartment, and are placed one over 
the other to simplify piping. Two air 
outlets, directed toward the outside walls. 
are used in each apartment living room 
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discharge velocity 


ov 
From equation 2 we may sta 


that 
Discharge velocity 


Cim 
coefficient of discharge area 
or 
{ ry 
Discharge velocity 
0.8 
Substituting this value for thi 
discharge velocity in equation 9 wi 
have 
i ( } 
Throw 
60 0.8 
Lym 
13] 
18 


The chief exception that | take to 


this formula is that the coefhcient otf 
discharge 0.8 is high. It would be 
safer to use, say, 0.65. Working out 
the formula again from this as 
sumption, the throw of course 


! 
bot 


would be affected. If the same s 
area were taken and the tan run at 
the same speed, then the cim would 
be greater on account of the small 
vena contracta ettect at the dis 
charge. That is 1f the fan continued 
to run at the same rpm, and assum 
ing the discharge pressure tl 
more air would be discharged from 
an orifice having a higher coefhcient 
of discharge, and greater cfm would 
tend to increase the throw Che 
foregoing is based on no turning 
vanes being used 

However, the formula seems to 
give fairly good results in field tests, 
considering its limitations as men 
tioned by Professor Nelson Pro 
fessor Nelson's statement that the 
short throw, common to the narrow 
slot discharge, is due to the large 
amount of air stream surface, ex 
posed to the resistance of space air, 
is, of course, correct. I mentioned 
this in my article. His observation 
that if the air can be discharged so 
that it slides along the surface of 
the ceiling that its throw will be 
lengthened is also correct. How 
ever, in the case I cited, the air was 
projected so that it bounced from 
the ceiling and the throw was 
shortened. 

I examined another formula for 
throw, credited to Professor C. O 
Mackey, but this formula, like that 
ot Goodenough for friction loss, 
was so intricate that I deemed it 
impracticable for average use. It 
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is a rational formula based upon a 
spread of the air stream through a 
total angle of 14 deg, constant mo- 
mentum and a velocity of the air at 
the end of the throw of 50 fpm. 
Values of the actual throw will be 
slightly less than that obtained from 
this equation, according to Professor 
Mackey, and a multiplying factor of 
0.8 will give a good approximation 
for the actual throw in most cases. 


This formula is: 


perature as space air. 

In this connection, | believe a 
standard definition for throw should 
be adopted. By some, it is said to 
be the perpendicular distance the 
discharge air travels from a slot or 
outlet until it starts to drop. By 
others it is said to be the total travel 
of the discharge air away from the 
slot, disregarding its rise or fall. 
This is the logical definition and is 
the one used in my article. 


1" My 
Throw in feet = 8.33 | 0.06 (a + b°) + 0.24 ab ')| 2.05(a + b) 
2500 


where a = shorter dimension of the slot, 
it; b = longer dimension of the slot, ft; 
l’ = discharge velocity of air at slot, 
fpm. 


The above equation assumes that 
the discharge air is at the same tem- 


As stated before, I would like to 
see some experimental work done 
on this subject by competent author- 
ities with proper recording equip- 
ment and facilities. —F. F. Steven 


SON, 


PRE-EMPLOYMENT 
EXAMINATIONS 


THe Eprror 

| thought the article entitled Ig- 
norance Is No Excuse, by Lawrence 
R. Bloomenthal in the September 
HPAC, to be of especial interest. 
It seems to be the prevalent theory 
of some managements that as long 
as they provide the usual safeguards 
for the health of their employees, 
that is the extent of their responsi 
bility. They do not seem to realize 
that their responsibility does not end 
at this point but that further educa 
tion and enlightenment of the work 
ers with respect to the intelligent use 
and care of these safeguards is also 
part of that responsibility. 

Recently, for example, a judg- 
ment was issued against a plant 
where safeguards were provided, but 
the employee was not adequately edu- 
cated to the use of these safeguards. 
An occupational disease had subse 
quently resulted. I think that this 
article, therefore, will be an excel- 
lent reference for me in pointing out 
to some of our managements that 
their responsibility does not end 
with just providing health safe- 
guards as far as their legal interest 
in occupational disabilities is con 
cerned. 

A program which the Los Ange- 
les division of industrial hygiene is 
encouraging is the necessity of pre- 
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employment physical examinations 
in industries. Many plant manage- 
ments are not aware that the reacti- 
vation of an existing occupational 
disability by any process or exposure 
can be the grounds for legal suit 
against the management, despite the 
fact that this exposure ordinarily 
may not be sufficient to cause a sim 
ilar disability in an_ ordinarily 
healthful individual. 

A case similar to this occurred 
recently in one of our aircraft plants 
in which a tubercular individual 
supposedly cured of his condition 
developed a recurrence of his illness 
due to a dust exposure which ordi- 
narily would not have caused this 
condition to appear in a normally 
healthful individual. Although this 
particular company had already in- 
augurated a program of pre-employ 
ment physical examinations, the mis- 
led sympathy of the examining 
physician allowed this man to work 
in the dusty atmospheres which 
caused the reactivation of his tuber- 
culosis. 

There are similar situations which 
I might go on to enumerate, but | 
believe that this is representative 
in pointing out what I mean. I 


would like to have seen a complete 


discussion by Mr. Bloomenthal re- 
garding the legal responsibilities of 
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plant managements as far as pre 
employment physical examination: 
are concerned, as I believe this to b 
a problem of wide interest to thos: 
of us working in industrial hygien 
and to industry in general.—Y a) 
ROSENFELD, engineer, division of i1 
dustrial hygiene, department 
health, City of Los \ngeles. 


A STEP 
IN [REVERSE 


Tue Eprror— 

I read with keen interest all th 
letters in this column, for here 
where the average man can mak 
known his likes and dislikes. 
noted a letter from J. H. Walker i 
September in which he asked “W! 
panel heating?’ The same questio: 
has been in my mind for some tin 

why.’ 

[f all you are after is heat wit 
no humidification or ventilatior 
then of course a panel installation } 
fine. However I think panel heat 
ing is a definite step in reverse 
What we are after is cleaner, mor 
healthful air in our buildings, along 
with body comfort. It makes 1 
difference whether it be for summ« 
or winter, if we are to get suc! 
condition we cannot use the pai 
method. Some wise guy is going 1 
say use a split system. What fo 
Why not do the job correct in 
lirst place? 

One other point has been bothe: 
ing me on this subject. Wheneve: 
mention is made of panel heating 
the article is usually headed ‘Pan 
Heating and Cooling,” but nothing 
is ever said about the cooling cycl 
How come? I'll tell you why ! 
one mentions it. It is a flat failur: 
I make this statement from actua 
experience. You can cool by tl 
panel method but it had better be 
meat storage house and not a buil 
ing where humans are going to |i 
and work. 

If we are going ahead, let’s forget 
all about panel heating and cooling 


and sell our country’s building: 


year ‘round air conditioning us 
plenty of outside air—filtered, cool 
or heated, humidified or dehumi 
fied, to give real healthful comfort 
—Wit D. Sampson, consults 
engineer. 
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AIR CONDITIONING INDUSTRY OFFERS 
PRIORITY PROGRAM TO GOVERNMENT 


Washington, D. C., I and II, will no doubt surprise those Essential to Country 





October 22, 1941 who have not previous " «cas 1 he AC&R indust 
Office of Production Management be imtormed times, | some x 
New Social Security Building 39.9 p ; , +1 
. x . S mh rhea wit 
9 Per Cent Is Defense | 
Washington, D. ¢ the non-essential 
] 4 lustr s no lon | . ‘ 
Gentlemen w¢ AC&R industry is now doing a easily done without slenes 
v ol +> 1 cel ad ns yor , 
We herewith present a program for a average v9 per cent cere ™ present. © to a small « 
seine of normal line af nraducte ; 
curtailment of between 35 per cent and sing oul rmat i tf product \ trne. bh ‘ ' 
1 ee = .. andl 
50 per cent in the total production of lew examples are dustrial air cond the industry’s rmal peacetis 
the air conditioning and refrigeration in tioning lor product tf munit vita tion is devoted to essent 
} n l« evntl ‘ . erial« ontrol of . 
dustry, by eliminating non-essential chemicals, synthetic materia nt hasic life of the count 
civilian uses atmospheric conditior n |} iucing pre these essenti \ 
Tata) ns ' Ww< enoimes t ceter re : - ¢}  ¥ : r 
Already our effective part in the de cision instrument ngu ‘ etera, | datior the defense | 
fense program is being seriously ham- Irigeration for naval and other ships, ca For example lefrigerat 
pered by the inability of our industry tonments, et cetera \ppend II the process ul 
yrives mor | il Ss atest : ne ; tu 
(industrial and commercial) to obtain Zives more deta listribut of foods 
necessary materials. We shall briefly ex In addition, those of the companies in itable drinking wat hospita 
plain why and offer constructive sugges ur industry whic A table Tacit actor é t 
h kee substantial contr te tor ene. 4 ' af : ‘ ning 
tions for vour consideration Nave taken u tlanitia act lor pt tera al ! ne 
id se work sic se artiileas nieces ate — : 
Refrigeration is the process of lowering lal defense W » ou aS AMlInery Piece lantity and qua 
, gun mounts, machine guns, field kitcher roduction and is essential 
the temperature of a substance by me- . , : . . 
sheet metal work ' numerous other textiles emical namtnten ¢ aa 
chanical, chemical, or physical means . ; ' ee 
, } items cetera Appendix Ill 
fir conditioning is the process of con : 
, Che AC&R industry produce ma iil 
trolling the conditions of air as regards 
. chinery, parts fixtures, and accessories \lthoue t 
temperature, humuidity, circulation, ven 
' ior applications ranging tron are ! untry thrived without t 
tilation, and cleanliness. In summer, this PI 
, stallations involving thousands of hors mechanical refrigeration at 
includes refrigeration to reduce tempet » ew P : 
powel ali the way down t sma ma tioning. today the great urban < enti 
ature and to reduce the moisture content , Bey 3 
chines of fractional horsepower \ tion of people and moder 1 tion 
# the air. In winter, it includes heating Sten — , 
sizes and types have some applications methods have develk ped wa 
to increase temperature and humiditfying , ' ry 
, . tor detlens¢ requirements nis ing ind processes it manutact 
to merease the moisture content of the of ; 2 , 
range ot types and sizes naturally u ire dependent upor efrigerat 
ail : 
] ] ; 1; ‘ 
volves production tacilities ¢ great onditioning 
Che industrial and commercial air con ’ 
: riety an lofenes la 
ditioning and refrigeration industry (ca 
luding domestic refrigerators) may b 
grouped into three broad divisions 
: Ref gerating ind att mditioning ma 
iain TO MEMBERS OF THE INDUSTRY 
») Fixtures abinets uses and thet x 
res) Herewith a copy of the report to which you contributed statisti- 
‘ ue sso! 5 « parts ‘s ‘ « ‘ sae . " vs) ‘ ; iti 
Accessories and pa cal data and which the committee, on behalf of the air condition- 


The above will hereinafter be referred 
to as the “AC&R industry.” 
The undersigned committee has been 


ing and refrigeration industry, has presented to the Office of 
Production Management. 

In the preparation of this report, the committee made every 
effort to present a fair and realistic appraisal on the basis of the 
facts available. The consensus of the committee is represented 
in the conclusions reached and the statements made. While not 
all members of the industry may agree with some parts of the 
report, we are confident that you will realize that our task was 
not easy. Each member of the industry will undoubtedly suffer 
in some way. However, it is certainly better for each of us to 
be hurt a bit than for us all to be crippled beyond recovery 
in which event we could neither do our direct defense job nor 
take care of really essential civilian uses.—OPM Subcommittee 
No. 4, Priorities, Ratings, and Allocations, Air Conditioning and 
Refrigeration Industry (Industrial and Commercial), James A. 
Bentley, W. C. Allen, F. H. Faust, C. V. Hill, Jr.. M. W. Knight. 
L. C. Love, P. A. McKittrick, R. H. Pearse, A. B. Schellenberg. 


selected by the OPM as representative 
of the entire AC&R industry, including 
the remote branches. This committee in 
cludes responsible members of all three 
divisions: it enjoys the confidence of all 
branches and has the right to speak on 
their problems. Evidence of this fact is 
the vital and not-previously-available in 
formation supplied, at the request of this 
committee, for 163 companies, large and 
small, representing practically 100 per 
cent of the AC&R industry (Appen- 
dix I). 

The size of our industry and the ex- 
tent to which it affects almost all other 








industries, as summarized in Appendices 
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and more are in process of construction, States and British governmental agencies. How- 


ever, in the face of this increase in demands 
on our productive capacity, we are now en- 


at points where there has been little pop- 


ulati i 1 st. i i ing A; ‘Sap . : 

_ _ mn the past Housing is being countering difficulties in obtaining refrigerating 
provided by governmental and other machinery because of the priority situation with 
agencies ; but to serve these new concen- respect to many of the materals necessary for 


the fabrication of this equipment.” 

A large number of AC&R factories 
are situated in small cities or towns, and 
a substantial proportion of the residents 
of such communities directly or indirectly 


trations of people, stores and markets 
must follow and refrigerating and air 
conditioning equipment must be made 
available. If proper living facilities are 
not provided, population shifts are diffi- 
cult, costly, and delayed. Equipment for 
such installations is of the same import- 
ance to national defense as equipment for 
the training camps, which now carries 
preference ratings. To quote from a let- 
ter from the head of a large dairy prod- 


earn their livelihood from these factories. 
A major portion of the workers em- 
ployed in manufacturing, installing, and 
servicing the products of our industry are 
highly-trained specialists in their par- 
ticular field. 
ucts company : We now have no means of obtaining 
“The importance of milk in the diet of both quantities of materials, such as copper and 
the civilian and military population of this coun- steel, needed for the essential civilian 


try engaged in all-out defense effort is being . . 

. the I : . uses. Members of our industry have 
repeatedly emphasized by government sources. : ; = : 
We are supplying not only workers in civilian been exerting considerable ingenuity 
industries but camps of the U. S. armed forces toward developing substitutes for the 
with large quantities of fluid milk. We are scarcer materials. Efforts in this direc- 
receiving increasingly large orders for deliv e ‘ r ss coal 
eries of evaporated and dried milk to United tion will continue; however, technica 











Appendix |—Statistical Information Concerning Air Conditioning and Refrigeration Industry 
(Commercial and Industrial ) 


I. Persons employed at August 31, 1941 


(a) Factory and office employees.................000eeeeeeeeees 34,825 
(b) Field personnel: engineering, construction, service, sales.... 86,365 
(ce) Secondary employment required to provide for item V esti- 
STON i's s'ccvausccadwasepakddcandueus<pedadcassusneantaas 42,000 
(d) Approximate total employment..................sseeeeeeees 163,190 
Oe ER rrr te Terre res. $ 58,227,666 
Cai) ee ews wckhedvaaeacceséanel 140,315,650 
(ec) Annual payroll for I(c) estimated as................+++ 58,800,000 
(dG) Agpuwonienaie <Setel PAPEETE. 1... ccc cceccccsesccecesous $257,343,316 
Ill. (a) Manufacturers’ total orders booked, 12 months ending 


EE Ee, Rs occ Vibnhs 0< nea ae nthecndh baaseasnene $202,784,164 
Note: This represents only the manufacturers’ selling 
price of factory products, with the exception of cer- 
tain complete installations made by some manufac- 
turers. 
(b) Additional costs, including local labor, locally-purchased 
materials, freight, etc., and installers’ profit, not reflected 


fh Ce a OS IN WE os vk sien cbiscn sic cce centastennd $364,176,246 
(ce) Total installed cost to users for 12 months ending August 
a ee rr Mes tos aa vrnighékeauesenw es veumae $566,960,410 
IV. (a) Total manufacturers’ unfilled orders at August 31, 1941. .$ 63,011,301 
(b) Percentage of (a) covered by DEFENSE ORDERS...... 39.9% 


V. Total purchases by manufacturers from others of raw mate- 

rials, fabricated and semi-fabricated parts, for 12 months 

CS BE lg an sa tics piandcncsccsnsnsuinauves $ 94,962,815 
VI. Phece areas OOREOR (OG BR) occ ccccciscccsenisscbscccecens 15,350,134 


VII. Quantities (in tons) of principal materials used during 12 
months ending August 31, 1941: 





CP Bi nc OS a GS a i ee ey we ere 102,457 
Ge EE en cect Weak dabicneuss hhhes Oke bane Cd paenere ten beeen 42.567 
(c) Copper and copper alloys............-.20ecceeeeeceeeeeees 14,153 
CT to ie en alos ie eed e ee ksee eee dees ehatuewhhe sae ned 6,310 
ie NN i co chs stn i eaeeaee sone beeen 1,671 
Ce ee ee CO, MONS os os a's cedee doves aes seseceysrene 1,193 
OO BEM Orr eTerTTTTeT TERT Tier Tet CLL 847 
OP NE ca ci ke Matanls ku ce eae EM CAbEeaA ded eNaebies eekaeees 794 
CARs eh. Pau we ented nie kt diniael ne kh ehuk ett W Gh hed hed 60 scan 783 


Note: This information has been compiled from confidential data supplied for 
163 companies. It covers practically all companies, both large and small, 
in all branches of the air conditioning and refrigeration industry (com- 
mercial and industrial). Returns were received from all questionnaires 
sent out, with only two unimportant exceptions. It may be conserva- 
tively stated that the figures are better than 98 per cent complete. The 
figures are factual with the exception of those stated as estimated. Such 
estimates as have been made are conservative. 
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considerations definitely limit the extent 
of such substitutions. 

We do not claim that all uses of our 
products are necessary during wartime, 
and we feel that unnecessary uses should 
be curtailed. We want to be realistic; we 
have voluntarily made sacrifices and will 
gladly make further sacrifices where ad- 
vantageous to our country. However, 
we maintain that the best interest of the 
defense program, and the basic life of 
the country, will be served by enabling 
us to obtain needed materials for essen- 
tial uses. 

The requirements of the navy, army, 
maritime commission, and other govern- 
mental agencies for our industry's prod- 
ucts will continue to be not only of very 
large volume but also of the greatest 
urgency as to speed of production and 
delivery. Unfortunately, we are able to 
anticipate only a small part of this need 
by building equipment in advance, be 
cause it is not possible for the above- 
mentioned departments of the government 
to give us, in advance, the detailed in- 
formation that is essential before we can 
place much of this highly-technical equip 
ment in production. The result is that 
we are given information and orders in 
spasmodic rushes—and because many 
vitally-important things hinge on _ the 
speed of production and delivery we are 
able to attain, it is necessary for us to 
throw our organizations and _ facilities, 
overnight, into each emergency. 


Highly Skilled Industry 


It is impossible to expand and contract, 
at will, industrial organizations such as 
those represented in the AC&R industry 
which are, in the main, composed of 
highly-skilled engineers and mechanics of 
many years’ specialized experience. The 
same statement applies, of course, to spc 
cial tools and manufacturing facilities. 

Our production of equipment for es 
sential civilian uses would have the fu 
ther advantage of enabling us to retain 
our skilled and technically-trained per 
sonnel; thus we would be able to do a 
better job on our direct defense work. 

Now, however, we are faced with the 
paradox of the government's making it 
impossible for us to do the very thing 
which the government itself most desires 
and needs us to do. 


The Proposed Plan 


The Office of Production Management 
has invited us to make suggestions 
Therefore, we propose the following sim 
ple plan, which should be effective in 
minimizing the use of critical materials 
and yet be relatively easy to administer 

Appendix II lists uses of refrigerating 
and air conditioning equipment for each 
basic industry of the country. Appendix 
III explains, in more detail, for just what 
purpose the equipment is used. Since 
there are so many different applications 
of air conditioning and refrigeration (in- 
dustrial and commercial), there are neces- 
sarily many sizes and types of standard 
equipment produced, as well as special 
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ESSENTIAL CIVILIAN USES 
CHEMICALS 


(Manufacturing Processes*) 
COMMUNICATIONS 
Telephone Apparatus (Manufacturing 
Processes* ) 
Telegraph Apparatus (Manufacturing 


Processes* ) 
Telephone Exchanges (Atmospheric 
Control) 


DRUGS AND PHARMACEUTICALS 
(Manufacturing Processes* ) 
ELECTRIC POWER (Manufacturing 
Processes* for Electric Motors and 
Other Electrical Equipment) 
EXPLOSIVES (Manufacturing Proe- 
esses*) 
FOODSTUFFS 
Processing* of Foodstuffs 
Flour Processing* 
Baking Processing* 
Cereals Processing* 
Miscellaneous Foods Processing* 
Distribution of Foodstuffs 
Preservation, Storage, and Sanitation 
Equipment for 
Retail Stores 
Eating Places 
HOSPITALS AND INSTITUTIONS 
Control of Operating Room Atmos- 
pherie Conditions 
Control! of Convalescing Space Atmos- 
pheric Conditions 
HOUSING 
Industrial 
Factories 
Drafting Rooms 
Laboratories 
Institutions : 
Hospitals 
LABORATORIES 
MACHINES AND MACHINE TOOLS 
(Production of) 
Abrasives Processing* 
Precision and Tolerances of Parts Con- 


trol 
METAL WORKING—FERROUS 


Appendix 11(a)—Air Conditioning Equipment 





[Note— Appendix [1(b), not given here, covers retrigerating equipment 
METAL WORKING—NON-FERROUS 
METALS 
Mining 
Processing * 
Iron and Steel Production (Blast Fur- 
naces, etc.) 
OPTICAL APPARATUS (Processing* of 
Lenses, etc.) 
PRECISION INSTRUMENTS (Manufac- 
turing Processes* ) 
SYNTHETIC PRODUCTS 
Plastics 
Unelassified 
TEXTILES AND CLOTHING ( Manufae- 
turing Processes* ) 
Non-Synthetic 
Yarn Spinning 
Fabric Weaving 
Garment Making 
Hosiery Making 
Parachute Making 
Other Fabric Production 
Synthetic 
Base Materials Manufacture 
Yarn Spinning 
Fabric Weaving 
Garment Making 
Parachute Making 
Other Fabric Production 
TRANSPORTATION 
Motors and Engines Production 
Airplane Production 
Truck Production 
Ships and Boats 


LESS ESSENTIAL CIVILIAN USES 
COMMUNICATIONS 
Radio Tubes and Apparatus (Manufac- 
turing Processes*) 
Broadcasting Studios (Atmospheric 
Control) 
Printing and Publishing (Processing* ) 
FOODSTUFFS 
Processing* of Foodstuffs 
Sugar 
Candy Processing* 
HOUSING 
Commercial 
Stores 


Offices 
Hotels 
Public 
Auditoriums 
Public Buildings 
I nelassified 
Institutions 
Unclassified 
LEATHER AND LEATHER 
PRODUCTS 
PAPER AND PAPER PRODUCTS 
(Manufacturing Processes") 
PHOTOGRAPHIC MATERIALS (| Manu- 
facturing Processes”*) 
Film 
Cameras 
TRANSPORTATION 


Automobile Production 
NON-ESSENTIAL USES 


BUILDING MATERIALS AND  SLP. 
PLIES (Manufacturing Processes* for 
Cement, Ceramics, Glass Lumber 
etc.) 

ELECTRICAL APPLIANCES ( Manufac 
turing Processes* ) 

FLOWERS (Growing and Sale of) 

HOUSING 
Residential 

Homes 
Apartments 
Commercial 
Banks 

RECREATION 
Theaters 
Bars 
Clubs 
Unclassified 

TOBACCO PRODUCTS (Manufacturing 
Processes* ) 

*** Processes’ Ir ssing 


tions tor whict 


po . ? ontrolling 
pose : ‘ mt 





other reaction 





hygroscopic substances, materials, or pro 
Whenever improved efficiency, healt! 

fort of workers als results, tl 
incidental additional advantage 





designs to meet particular needs. Be- 
cause of the varying demand for any 
one size for essential and non-essential 
uses, it would be impracticable to curtail 
production by means of a quota based on 
sizes or types. It should be relatively 
easy, however, to decide that certain basic 
industries which require air conditioning 
or refrigeration are essential or unessen- 


_tial in the present emergency, and then 


to determine that the function of air con 
ditioning or refrigeration is either neces 
Sary or not necessary for the particular 
industry. In Appendix II, we have indi 
cated our objective opinion as to the de- 
gree of essentiality of each use. 

a) The Office of Production Management 
would determine those civilian uses of air con 
ditioning and refrigeration which are “essential,” 
“less essential,” and ‘‘non-essential” The 
method of making this determination mighi be 
along the lines which we have suggested in 
Appendix II 

b) A blanket rating (A-3 is suggested) that 
is high enough to permit the obtaining of ma 
terials, such as copper and steel, would be 
assigned to our industry for the “essential” 
civilian uses 

c) A blanket rating of A-3 might also be 
assigned for the obtaining of materials to 
anticipate production requirements for “defense 
uses”, limited simply to the minimum in 
ventories needed for production schedules. This 
would eliminate the requirement of the com 
plicated PD-25 defense supplies rating, which 
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has proved almost impracticable for our indus 
try rhe production of equipment for direct 
defense uses and the production of equipment 
for essential civilian uses should proceed to 
gether, in order that production schedules may 
be arranged efficiently The manufacture 
should be able to obtain materials to anticipate 
production requirements for both, under the 
same supplies rating plan A manufacturer 
cannot operate effectively unless he knows how 
much material he is going to get and when he 
will be able to get it 

d) A lower blanket rating might be assigned 
to enable the obtaining of more limited quan 
tities of materials for those uses determined 
as “less essential” civilian uses 

e) A preference rating order would be issued 
for the granting of preference ratings needed t 
obtain supplies to anticipate production require 
ments for the filling of orders for the “essen 
tial” and “less essential” civilian uses and 
‘defense uses.” 


determined as “‘non-esser 


f) For those uses 
tial,” as suggested in Appendix IT, no prefer 
ence rating would be given 

g) Our industry would undertake the re 
sponsibility of closely supervising and of poli 
ing the uses of such materials, in conformity 
with the law Further, it would, by affidavit 
guarantee that materials obtained under the re 
spective preference ratings would be applied 
only to the authorized uses 

Because of the great variation of equip- 
ment and types of applications covered 
by our indvstry, any curtailment formula 
for our industry would, at best, be ex 


tremely complicated and probably imprac 
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ticable. We believe that the above pro 
gram would obviate the need tor a cur 
tailment formula 

It is estimated that such a program 
would result in a curtailment of betwee 
35 per cent and 50 per cent in the total 
production of our industry for civilian 
uses Based on the production of our 
industry for the 12 months ending Au 
gust 31, 1941, and allowing for increased 


demands for “defense uses,” there Nd 


be a net reduction of at least 20 per | 
in raw materials required 

We are certain that we can effectively 
and legally, control the use of our prod 
ucts, and we will gladly provide any rea 
sonable guarantees as to usage which 
may be required 

Copies of this letter are bemg sent to 
those in OPM with whom we have dis 
cussed various aspects of our industry 
problem 

We respectfully ask for action What 
we need more than anything else is a 
tangible program which will enable us 
to keep our skilled personnel together and 
allow us to produce equipment tor essen 


tial civilian and defense requirements 


Very truly yours, 


OPM Subcommittee No. 4 
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Appendix |!i—Typical Industries Involved in Defense or Essential Civilian Requirements for Which Refrigerating and Air 
Conditioning Equipment Is Necessary for the Purposes Shown (Partial List) 


INDUSTRY 


Abrasives 


Airplanes and Engines... . 


Ammunitions ..... 


EOD ink cio wo ae 


CR SEED | oo calls cnacGacawea 


ESP CT Fe ee | ee ap 


ey NE ed ka cbacuevedhemeun en 


Electrical Prodmets ..........cccseccsces 


Ls 
PE: cickoascaVawukivaa 41608 keke 


. 
Glass TELERELUEELELE REET LEEE Tee 


NS <3 ovata babe banat deka heeled 


Instruments (Watches, Navigation and 


Fire Controls, ete.) ........ 


Laboratories ............. 


Linoleum (Battleship) 


Biseineg Shope os isos s ccecss 
Ds kagivanectdans raeeous 
Meats, Lards, etc............. 


Opticals, Sights, ete.......... 


Pharmaceuticals ............. 


Petroleum Products 


> ° 
br a 


Rubber (See Synthetic Products for 


Synthetic Rubber) ........ 


Printing (Maps, ete.) .. 


Ot go te ae ee inaua 


Synthetic Products (Rubber 


a eee eee 


Telephone Exchange 


NOE. Sox snatuwtesbeek tana 


Transportation (Perishables) 
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Nylon. 


PROCESS INVOLVED 
Processing and drying of carborundum 
wheels and paper. 
Rivet temperature control. 
Engine and parts machining. 
Propeller processing. 
Paint and dope application. 
Assembly. 


Powder and explosives processing. 

Ballistics, detonators, fuses, ignitor packing, 
pompom mix. 

Grinding, priming, pressing, solvent reclaim. 

Tetryl blending and pressing. 

Flour Storage. 

Fermenting. 

Dough mix. 

Proofing. 

Cooling. 

Processes too numerous for listing. 


Processes too numerous for listing. 


Processes too numerous for listing. 


Processing of motors, controls, radio parts, 
telephone equipment. 


Coating, drying, cutting, and packing. 


Intermediate steps in processing. 
All stages of processing. 


Tool processing. 

Parts processing. 

Caging. 

Industria! testing. 

Animal assay. 

Growth and sprouting. 
Crystallization. 

Intermediate steps in processing. 
Precision rooms. 

Mining areas. 

Processes too numerous for listing. 


Lens development. 

Lens assembly. 

Cementing. 

Precision room. 

Experimental room. 

Processes too numerous for listing. 


Various stages of processing, 
Testing laboratories. 
Intermediate stages of processing. 
Pigment processing, etc. 


Processing, testing, storing. 


Drying and Curing. 
Latex processing. 
Roller cooling. 
Processing and storage. 


In blast furnaces. 


Precesses too numerous for listing. 


Apparatus room. 
“witchboards. 
Spinning. 
Weaving. 


ESSENTIAL FOR 


Uniformity cf product. 

Production scheduling. 

Controlled precision and uniform toler- 
ances. 

Elimination of effects of humidity and tem. 
perature variations in paint and dope 
processes, and in laboratories and ie: 
rooms. 

rixing rate of burning of powder 

Accurate weighing. 

Precision of parts. 

Static and humidity control. 

Safety from explosions. 

Mould prevention. 

Control of fermentation. 

Uniform quantity production. 

Sanitation, 

Storage. 

Spoilage prevention. 

Uniform quantity production. 

Sanitation. 

Control of rates and limits of chemical re- 
actions. 

Quality and purity control. 

Uniform products, sanitation, preservation 
as otherwise impossible. 

Precision, tolerance control, dust prevention, 
prevention of damage by humidity and 
perspiration action. 

Uniform pliability, thickness and coating. 

Scheduled quantity production, and safety 
from fire. 

Impossible otherwise to prevent spoilage. 

Uniform quantity production with controlled 
schedules. 

Imperative in making non-shatterable glass. 

Static prevention, uniform product, and pro- 
duction rate. 


Precision, condensation prevention, tolerance 
control, dust elimination, uniform quan- 
tity production. 

Without controlled conditions to eliminate 
effects of variations, much of this work 
would be impossible. 


Uniform product and schedules. 

Close tolerances, constant measurements. 

Maximum production. 

Mould prevention, sanitation, ingredient 
control, curing time control, uniform 
quantity production, storage, preparation. 
etec., as otherwise impossible. 

Precision, tolerances, mar prevention, con- 
densation prevention, ete. as otherwise 
impossible. 


Uniform quantity production of many 
drugs would be otherwise impossible. 

Uniform quantity production. 

Octane requirements. 

Reaction control, uniform production. 

Control of air moisture needs, drying rate, 
etc, 

Control of strength, sizing, and moisture 
content, 


Process, schedule, and quantity control. 


Alignment control, static elimination, uni- 
form sizing, production rate. 

Increased quality and quantity of produc- 
tion of iron with lower coke consump- 
tion. 


These products could not otherwise be uni- 
formly produced at all in quantity. 

Control of static, prevention of sparking. 
elimination of corrosives in air. 

Static control, uniform texture and quantity 
production, otherwise impossible. 

Long hauls otherwise impossible. 
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rotecting Piping and Tanks 
from Cold Weather Damage 


Siegfried Ruppright, Professional Engineer and Consultant, 
Outlines Method of Preventing Damage in Freezing Weather 


HE detrimental effect of cold 

weather on exposed piping 

and vessels can be one of 
many. The most frequently encoun- 
tered and most painfully remem- 
hered is that of congelation to the 
point of stop up which is usually 
accompanied by rupture of the wall, 
be it that of the blood vessels in a 
frozen ear or of a water main which 
affects an entire community. 

Precipitation of matter in suspen- 
sion—dyes, for example—is readily 
caused by a drop in temperature. It 
takes much more than restoration 
of the appropriate temperature to 
bring about the previous state. 
Crystallization occurs in saturated 

solutions as soon as the temperature 
drops. Even if the solution is kept 
in motion, screens, valves and other 
restrictions in area get plugged up, 
a serious matter in a chemical fac- 
tory. In gaseous fluids condensa- 
tion takes place (such as of water 
in coal gas) which causes at least 
rust to form but also collects where 
it is least wanted, causing all sorts 
of trouble. Essential constituents 
are often condensed from gaseous 
mixtures in cold weather, bringing 
about substantial changes in the 
quality of the mixture at the point 
of delivery, not to speak of the ob- 
struction by the trapped liquids. 
The mere increase in viscosity 
caused by unduly lowered tempera- 
ture often necessitates preventive 
measures. 


Anti-Frost Measures 


The superficial observer usually 
has the impression that “the trouble 
could easily have been prevented,” 
but this is not always so. There are 
three kinds of preventive measures : 
(1) Removal of the fluid. (2) Insu- 
lation. (3) Replacement of heat 
loss, our subject here. 

The first seems the simplest, but 


what it involves in most cases where 
danger from low temperature ex 
ists is more than sufficient to rule 
it out completely. A sprinkler sys 
tem in a warehouse cannot be 
emptied, nor can a vat holding ex 
pensive dyes, nor a water or gas 
supply line. 

The second measure, though it 
involves a first cost (and some 
maintenance in most cases), is often 
cheaper in the long run, and it can 
be applied at a convenient time once 
and for all. Generally speaking, it 
can be said that artificial and nat 
ural insulation retard heat flow and 
can delay the incurrence of damage 
by frost. How much delay is suffi 
cient must be ascertained from case 
to case, as must how much insula 
tion is required to effect that delay 


Heat Ihoss Replaced 


As an emergency measure, the 
heat loss from the endangered pip 


ing or containers can be replaced by 





Fig. 1—Single strand copper wire ap- 
plied to a large tank to replace heat loss 
electrically. The vertical tie wire serves to 
keep the electrical wire properly spaced 
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COLD WEATHER is on the way; plant 
piping men should give consideration to 
precautions to be taken to prevent dam- 
age to exposed piping and tanks from 
freeze-ups. . .. The author tells here why 
there is a problem, and briefly describes 
use of electrical heating to overcome it 





continuously replacing the chille 
contents with warmer stock. A sin 
ple case of this kind is tl 
a water main naturally insulated 
being placed sufficiently deep in 
ground but tapped on top 

minor connection. Not only is th 
highest point of this connecting line 
closer to the surface and therefore 
less insulated, but because of 

smaller size it will freeze up more 


rapidly than the main. Something 


' 


j 


must be done, and since he 
choice the user usually lets the wa 
ter run continuously during cold 
weather, which is wasteful 


Electric ity offers an excellent 


means of furnishing heat to replac 
the loss incurred at the wall « 
container or pipe. On first sight 


the wall of a metal pipe suggest 
itself for direct application of th 
current because it is a condu 
electricity, but its use may not le 
feasible for two reasons, even 
has no threaded joints and no el 
trolytic contents ha mi 


these is at its resistance 


order requiring a low voltag 
amperage relation whucl 

sive. The major is that a 
conductor must be installed of a re 
sistance negligible compared to that 
of the pipe in order to confine thi 


heating effect to the pipe 


Usually feasibl wherever danget! 


from frost threatens, or a drop in 
temperature is not permissibl 

some reason or other, 1s the appli 
cation of suitably select 
tween wall and insulation. Ordi 
nary single strand copper wire fr 
quently may be used; its applicatior 
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Fig. 2 





sumed when outdoor temperature drops to 13 F. 


on a large tank 


Che vertical tie 


the electrical wire properly spaced 
Fig. 2 shows 


tainer 
chemical factory 


in diameter and is 
wired for 10 kw 


tinually consumed when the temper 


which holds 
It measures 23 ft 


which will be 











Acid container at a chemical plant wired for 10 kw which will be con- 


No current is used at 32 F 


iture drops to 


rent used 
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Practical wattage 
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were puzzled by 
hot surface remains clean in a dusty 


atmosphere, 
gathers dust 
various surface 
through a warm 
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pipes, such 
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_ or in a build 
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as cold 
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at less than room temperature soon 
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seem immune 
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caused 
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one advantage 


system, 


in 


W ell covered 


even 
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nail 
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accumulates 


cool 


Too 


HEATING, 
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furniture surfaces are at 


temperatures than the air, is tha 


those surfaces remain freer of dust 


Of recently revived lnportance 


to the problems of dust control, thi 


higher 


tn 


ability of a warm surface to repel! 


suspended particles is 


the fact that the air 


xplained b 
molecules ar 

constant, rapid motion, moving 
straight lines and rebounding fro 
obstacles like perfectly elastic bil 
hard balls The molecules striku { 
a surface warmer than themselv 
ebound on the = average wi 
greater speed and momentum thai 
they had on striking, since t 


carry with them the energy the sur 


face is losing by conductiot Oy 
the surface is cooler than the 
the bounding molecules are slows 
down 

\bout five vears ago the Britis 
government introduced a dust sai 
pling instrument utilizing this 
mal repulsion which is said to 


move from air all dust particles rat 
ing in size from 20 microns dow) 
+} 


to 


e smallest particles visibl 


the ultramicroscope 


Although the use of 1 ermal 1 
pulsion is now restricted to analys 
a recent discovery that a_ heate 
screen or lattice will act like a sol 
surface in repelling dust point 


toward the use of this principle 


dust filtering ndus ( 
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Paint Distribution Piping 
IMPROVES PRODUCTION 


Berger's New Centralized Paint Storage and Mixing, 
With Nine Pipe Circulating System, Leads to Many 
Advantages in Manufacture of Metal Products 


HROUGH nearly two miles 

of a new nine pipe circulating 

system, paint in as many dif- 
ferent colors is now carried swiftly 
to the half a hundred points of actual 
application to shelving, steel furni- 
ture, kitchen cabinets, lockers and 
other metal products as they come 
down the production lines at the 
plant of the Berger Mfg. Div., Re- 
public Steel Corp., Canton, Ohio. 

Berger recently completed a siz- 
able addition to its manufacturing 
facilities. A general relocation of 
departments, rearrangement of plant 
equipment and revamping of pro- 
duction lines was carried through at 
the same time and afforded the logi- 
cal opportunity to go ahead likewise 
with a streamlining of the plant’s 
paint handling methods. 

Prior to the installation of the 
new centralized paint mixing and 
circulating equipment, enamels and 
lacquers had been delivered in 50 
gal drums by factory trucks to four 
widely separated mixing stations 
situated near the various finishing 
areas in the plant. There, as re- 
quired, the finishing materials were 
prepared for use by reducing with 
thinners, stirring by hand with 
wooden paddles for 10 to 15 min, 
etc. Spray operators had to come 
to these decentralized sources of 
supply on an average of once every 
2 hr to refill the containers from 
which they sprayed. 

Paint material mixed by hand in 
different locations, at different tem- 
peratures, at different times, and by 
not one but several individuals, could 
not be consistent in viscosity, spe- 
cific gravity or degree of agitation— 
all of which have a direct bearing 
on the color uniformity to be ob- 
tained. Certain advantages to be 
derived from the centralized mixing 
of paints were, therefore, fairly 
obvious. Most important, continu- 


ous mechanical agitation could be 
used, a more complete dispersion 
of pigments obtained, and a homo 
geneous solution maintained at all 
times. Also, a more uniform tem- 
perature could be maintained in a 
mixing room than under any other 
conditions. Viscosity and specific 
gravity tests could always be made 
under the same conditions and 
would, therefore, be more directly 
comparable. Moreover, there could 
be undivided responsibility assigned 
to a single individual placed in 
charge of mixing operations on each 
turn. Handling by truck of paint 
materials throughout the factory 
could be eliminated. Finally, the 
fire hazard present when handling 
inflammable materials could be ma- 
terially reduced 


Mixing Rooms 


As finally evolved, two centralized 
mixing and paint storage rooms 
were established from each of which 
circulating systems fan out to sev- 
eral points on two floors of the plant. 
In the larger of the two mixing 
rooms there are 20 mixing tanks, 14 
of which serve a group of seven 
paint circulating systems. Five of 
the seven lines carry paint to an 
equal number of spray booths in the 
first floor spray room. Two of the 
five lines continue on to a group of 
four spray booths on the second 
floor of the plant. A sixth paint line 
serves the second floor booths only. 
A seventh line runs to a group of 
dip enameling tanks on the first 
floor. 

The smaller mixing room has nine 





PAINT distribution is another way in 
which “industry's greatest transportation 
system” piping serves modern fac- 
tories. The Berger Mfg. Div. of Repub- 
lic Steel Corp. recently expanded its 
facilities and at the same time installed 
the new paint storage, mixing and cir- 
culating system which is described here 
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mixing tanks from which two ci 
culating systems carry paints to the 
locker assembly lines. 

Together these two rooms provide 
storage facilities for more than 
20,000 gal of enamels and lacquers 
maintained at a vear ‘round temper 
ature of 78 F 

The first floor spray room, wit! 
five lines serving each of five spray 
booths. is about 300 ft from the 
larger mixing room. Three of the 
four booths on the second floor. 
each served by three paint lines, 
accommodate two operators each 
making a total of seven work sta 
tions involved. The longest distri 
bution line, 1600 ft, runs from the 
main mixing room to the dip enam 
eling area, where there are three 
outlets for three dip tanks 

One inch pipe was used on all dis 
tribution lines having a total length 
of 1000 ft or more. Three-quarter 
inch pipe was used for all runs of 
less than 1000 ft in length. In 
every case the same size pipe was 
used for the entire length of a lin 
For all changes of direction, 12 in 
minimum radius bends were used 
instead of pipe fittings 

The various pipe lines are cu 
rently being used to circulate the 
following colors for the following 
products, respectively 


Color 

Green Dipping Enamel 
White Synthetic Enamel 
Gray Synthetic Enamel 
Green Synthetic Enamel 
Black Synthetic Enamel 
White Synthetic Enamel! 
Ivory Synthetic Enamel 
Olive Green Lacquer 


Brown Lacquer 


Shelving 
Roaster Cabinets 
Liquid Gas Cabinet 
Furniture 
Furnace Jackets & Sink Cabinet 
Bases 
Kitchen Cabinets 
Automotive Display Cabinets 
Locker Door & Frame Assemblies 
Locker Door & Frame Assemblies 
jack in the mixing rooms the 
circulating units which mix the 
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paint materials and feed them into 
the distribution lines are made up 
of a pair of mixing tanks (one used 
for mixing, one serving as a reser 
voir), a pump unit, a filter and the 
necessary valves, gageS and piping 
to and from points of use 


Tanks 


Kach tank is equipped with a me 
chanical agitation unit. A vertical 
shaft extending nearly down to the 
bottom of the tank has assembled on 
it two aluminum paddles of the pro 
peller type. A '%4 hp, explosion 
proof, gear head motor mounted on 
top of each tank is used to revolve 
the paddles at 59 rpm. Anti-whirl 
baffles are welded to the inside of 
the tanks to prevent swirling of the 
materials. The paddle blades are 
designed with an angle of pitch 
which tends to-throw or lift the 
paint materials upward as they are 
rotated. In this fashion the heavier 
pigments that otherwise would tend 
to settle out of solution with the 
lighter solvents are kept thoroughly 
mixed, 

Primarily there is no difference 
between the function performed by 
the larger group of 14 tanks, and 
the smaller group of six tanks along 
the opposite wall of the same room. 
They are all mixing tanks equipped 
with mechanical agitators. How 


ever, there 1s a difference in the way 
the tanks are used. “he larger 
group is operated in conjunction 
with the seven pipe circulating sys 
tems for handling production colors 
The smaller group is used for mix 
ing batch quantities of paint re 
quired for short runs of special 
ct lors. 

Each of the seven circulating sys 
tems in the larger mixing room is 
equipped with an internal gear type 
of pump driven by a 1 hp explosion 
proof motor. These pumps deliver 
5 gpm 

In the smaller mixing room com- 
pressed air is used to force the paint 
out into the lines. Small air-motor 
driven internal gear pumps keep the 
liquids circulating. Less expensive 
than the others, this type of unit is 
satisfactory for short runs of pipe 
which, as in this case, have only one 
or two outlets. 

In each pipe line system, just be 
vond the pump, is a mechanical fil 
ter. The circulation cycle is from the 
tank to the pump, through the filter, 
out into the line and return to the 
tank. Consequently the paint is con 
tinuously filtered as it is circulated 
and before it enters a distribution 
line. 

To maintain uniform spraying 
pressure, each outlet in each pipe 
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Regardless of the location in the plant, 
the paint is now sprayed under the same 
conditions of pressure, viscosity and 


specific gravity. This is especially im- 


portant where parts such as these cabinet 
bases for electric roasters must match 
identically as to color in final assembly 


line is provided with a fluid regu 
lator to reduce the line pressure 
Each regulator has a removable key 
adjustment and a pressure gage for 
indicating the selected spraying 
pressure. (Only the supervisor is 
provided with a key to operate the 
regulators. This centers in him the 
responsibility for always using th 


correct spraying pressure 


Many Advantages 


There are several advantages oi 
this paint circulating system used 11 
conjunction with the centralized 
mixing and storage facilities. Ther 
is no longer any chance of dilution 
of the paint or of dirt getting int 
it, since it is now delivered to the 
spray guns exactly as mixed. Wit! 
each outlet provided with an individ 
ual pressure contr il, it is possible t 
obtain and maintain a uniform spray 
ing pressure which 1s also the cor 
rect pressure for the particular ap 
plication of enamel or lacquer used 
Regardless of location in the plant, 
the paint is now sprayed under th 
same conditions of pressure, viscos 
ity, and specific gravity; this 1s par 
ticularly important where parts fi 
ished on different production lin 
are subsequently expected to mati 
identically as to color in final assem 
bly. Finally, due to the large stor 
age facilities now available and the 
ability to maintain a uniform tem 
perature of 78 F the vear around 
larger quantities of the paint mate 
rials can be purchased at one time 
and the last step provided in insur 
ing uniformity of color. 





OPM SURVEY—A questionnaire cover 
ing the commercial refrigeration and air 
conditioning industries will be sent out 
shortly to ascertain where vital defens« 
materials may be saved in those indus. 
tries. The questionnaire is being pre- 
pared by the refrigeration unit of the 
electrical products and consumers dur- 
able goods branch of the division of 
civilian supply, office of production man 
agement, Washington, D. C. 

Among the products to be surveyed are 
unit air conditioners, condensing units. 
compressors, cooling coils, display cases 
and coolers, water coolers, beverage cool- 
ers, ice cream cabinets, reach-in refrigera- 
tors and beer cooling equipment. Infor 
mation will be requested on inventory 
production and materials, as well as dis 
tribution channels. 
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HEATING, PIPING AND AIR CONDITIONING DATA SHEET 





Reference List of Priority Orders 


Following is the latest list of “P 
Series” and “M Series” 
ders of the Office of Production Man 


agement available for publication at 


priority of 


the time of going to press The 


related form numbers (the PD nun 


pers) are also given 


“P SERIES” 


P-1. Material for the production 
f electric traveling cranes assigns 
preference rating A-1- 
P-5) 

P.2 Material for the production 

machine tools 
ence rating A-l-a. (Superseded y 
P-11). PD 

[’-2-a Material for the prod ction 
f chucks Assigns preference rat 
neg A-l-a 
PD-6 
P-2-b. Material for production of 
(Superseded by P-11). PD 


(Superseded by P-11) 


spindles 
i) 
P.2-c. Material for the production 
cylinders. (Superseded 
PD«4 


of hydraulic 
by P-11) 
P-2-d Materials for the 


Assigns preter 


produc 
tion of die heads 
ence rating A-l-a. (Superseded by 
P-11). PD6 

P.2 Material for the produ 
tion of presses and air equipment 


wy P-11). PD6 


Superseded | 


P-2-f. Material for the pr ction 
4 shell tapping machinery a1 
eads. Assigns preference rating A 
l-a. (Superseded by P-11). PD-6 

P-2-¢. Material for the productior 
f air equipment Superseded by 
P11). PD-6 

P.2-h. Material for the productior 
rt turret lathes 
ence rating A-l-a 
P-11). PD-6 

P.2-i. Material for the production 
f nibblers Assigns preference rat 
ng A-l-a 
PD-6, 


(Superseded by P-11) 


P.2-). Material for the production 


Assigns preference rating 


PD-6 


f gages 
A-l-a. (Superseded by P-11) 
P-2-k. Material for the 


t chucks, air, and hydraulic equi; 


production 


rating 


ment Assigns preference 
\-l-a. (Superseded by P-11) 


production 


-2.. Material for the 
spindles, and hydraulic cylinders 
rating <A-l-a 


preference 
(Supe rseded by P-11) 


\ssigns 


P-2-m. Material for the produ 


tion of machine tools. Assigns pref 
erence rating A-l-a. (Superseded by 
P-ll). PD-6 

P-2-n. Material for the production 
chucks and 
Assigns preference rating 
(Superseded by P-11). PD-6 


f magnetic grinding 
machines. 


A-l-a 
P-2-0. Material for the pr 


cutofi 


oduction 
of nibblers and machinery 
rating A-l-a 


PD-«6 


Assigns preference 


(Superseded by P-11) 


P.2-p. Material for the production 








 tornio and autom screw ght PDA | j 
chines Assigns preference rating P-9-f. Material entering into 1 po R, 
\-l-a Superseded by P-11 PD«6 wtior f — * ‘ . 

P-2-q. Material for the productio rgers for eavy é PD-48 eES ER 
drill braces Assigns preteret PD-48 | . 
rating A-l-a. (Superseded P-11 P.1 PD-41 
PDs — : P ’ 

I Mater ' > MI 

P.2-1 Material for the prod ‘ ‘ workings ae ‘ 
tion of power-driven metal working gns ference rating A-1 4-1-1 . , 
machines und = «testing equipment ' \ { s iz ‘ - 

. ; 

ssigns preterence rating | \ S ‘ ec i 
\ | \.1 ‘ , 

(Supers led by P-11 PD-6 Pl)-42 PD.42-a ; 

P-2-s. Material for the roductior Poy Mates : vedas . 

, P25. M 
f machine tool parts. Assigns pret t wrking ment. PD-&1 
erence rating A-l-a Supersede P I re 
P11). PD«6 num scrar A« . efer x M 

P-3 Material entering int \ PT).s 
trames Not incl eng sa ’ Mat t 
propellers Assigns preference rf : M SR I M 
ng A-l-d. PD-1 ' SO PD.s2. PD 

Ps I Extend P to O Pl4-a Mate 
1. 1941 nterine int t} net M 

} ) 

P4 Materials entering int a ways, A Ww 
‘ * } - ! te 
piane engines ind propeliers AS & 1v4 \ 

J ; ) t . 7 
signs preference rating A-l-c. PD-14 g A I I 
f P iM 
P-4 Ext. Extended P-4 to O 
1, 1941 14 Materia uT ‘ nt 
. > entering nto the meaty tion ‘ R670 ! 
P-5 Material for the productior . | 
shipways wt x pr u 
rf ranes (Corrected Assigns : Sa 
: pleted ships during 1942 and 194 é 
reterence rating A.1 Revokes 
i Acsigr < preference ting 4.1 Po M 
Order No. P-1 
PD.56. PD-56a «lu 
P-5. Amend. 1. Amendment N 
. , Electrical Relays I’. 2¢ M 
to general preference order I for 
material for the product P.1 Materia entering 
cranes so is to include hydra tior ¢ . . 
‘ ‘ ler | as mi es ss ns ete 4 \ 
wridge brakes in exhibit A Assigns s i c Assig | | 
1 t tir ] 4 >i) 
preterence rating \.1 . atte \ PD I 
P-5-a. Material for the P-16. Materials enter 
f cranes and hoisting equ nt thor i ra ‘ ving ' 
ting and tior ‘ ? \l 
Defense Supplies Assigns preference rating A-1 PD 
- *T) - 

P-6 Defense s ipply rating order Pl 
Assigns preference rating A-10 t P.1 Material entering t 
certain deliveries. PD-25. PD-25- roduction of canning ‘ ‘ M 
PD-25-« PD-25-d PD-25- equipment Ass te t 

’ 9 1 
P-6-a. Assigns A-10 rating to prt g Ae 
ducers of civilian aircraft P.18 Material entering t ‘ Piso 
1 tior ‘ itting ! | 
P.7 Material and equipment en I . 
july 

, ent. PD-6 revised ig 
tering into merchant ship constr 
tion Assigns ratings A-l-a. A-1- P-18 Materials for the pr }) os 
and <A-l-c to ships in accordance tor f cutting tools S . , , MN 
with year ot completion PD.30 P.18 PD-81 
PD-30-a P.19. Material entering - - shied , 

Ps Material and equipment er nstructior efense projects. PD < " 
tering into freight car constructior ‘ PD-63-a : 
including railroad, industrial ind P.19-a. Material entering 

I’ M 
mine freight cars Assigns preter mstruction of defense , PD 
ence rating A-3 PLA38 PD.38 68 
PD 

P-9 Material entering into pre P19 Materi entering into th : 

, ‘ Pe , 
duction of airframes for heav production of defense projects. PD ; 
bombers. PD-48. PD-43-a es 

P-9-b. Material entering into pr: P19 ¢ ess r 

1 
. Ma 
duction of aircraft engines for heavy elled I I 
bombers ’ ’D _ t 
somber PD-44. PD-44-a P-10-d. Defence project orée 





P-9-c. Material entering ir 


P.20. Material entering int PDs) 

duction of aircraft propellers for construction of specified locomotives P 
heavy bombers. PD-45. PD-45-a PD.o4. PD-G4-4 

P-9-d. Material entering into pr P-21. Material entering int : . 
duction of aircraft gun turrets for repair and building of steam, el BY-BE 
heavy bombers. PD-46. PD-46-a tic or diesel lecomatives whethe P t 

P.9-e. Material entering into pri for railroad, mining or industrial P.38. M 
duction of aircraft gun fire controls use, PD 65. PD-6)-a luctior 
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P.39. Material for the production 
of are welding and resistance weld 
ing machines. PD-81. 

P-40. Not issued to date. 

Defense Projects 

P-41. Material entering into con- 
struction, maintenance and opera 
tion of defense projects. 

P-42. Material entering into pro- 
duction of canning machinery and 
equipment. PD-6. 

P-42-a. (Same). PD-6-a. 

P-43. Material entering into the 
production of research laboratory 


supplies and equipment. PD.-88. 
PD-98. 

P-44. Not issued to date. 

P-45. Not issued to date. 

P.46.  Utilities—maintenance, re 


pair and supplies. 

P-46. Amendment No. 1. 

P-46. Interpretation No. 1 to 4 
inc. PD-81. 

P-47. Material entering into main- 
tenance and repair of air transpor 
tation facilities. PD-96. 

P.48. Not issued to date. 

P.49 Not issued to date. 

P.50. Not issued to date. 

P-51. Not issued to date. 

P.52. Material entering into pro 
duction of aircraft accessories. PD 
81. 

P.53. Parts for the maintenance 
and repair of textile machinery and 
equipment, PD-81, 

P-54. Material entering into the 
production of motor trucks, truck 
trailers and passenger carriers. (See 
L-1-a). 

Defense Housing 

P-55. Material entering into con 
struction of defense housing. PD 
105 

P-56. Materials for mine mainte- 
nance, repair and supplies. PD-119. 

P-57. Replacement parts for pas- 
senger automobiles and light trucks. 
(See also L-4). 

“M SERIES” 

M-1. To direct the distribution of 
aluminum PD-8. PD.26. PD-39. 
PD-40 

M-1l-a. Schedule of preference rat 
ings under M-1 

M-1-b. Modifies M-1 and M-1-a 
with respect to deliveries of low 
grade aluminum 

M-1-Ext. Extends orders M-1, M 
l-a, and M-1-b to December 31, 
1941. 

M-1-c. To direct the distribution 
of aluminum scrap and secondary 
aluminum. Supplements orders M-1 
and M-1l-a, Repeals order M-1-b. 

M-2. To direct the distribution of 
magnesium. 

M.2-a. Supplementary order to M 
2, distribution of magnesium. 

M-2-Ext. Extends order M-2 to 
September 30, 1941, 

M-3. To direct the distribution of 
ferro tungsten metal powder and 
tungsten compound. PD-9. 

M-3-a. Supplementary order to M- 
3. Provides preference rating sched- 
ule under M-3. (Revoked by M-29). 

M-3. Revised. Revised in form to 
meet requirements of federal regis- 
ter. (Revoked by M-29). 


M-3-a. Revised. Revised in form 
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to meet requirements of federal reg- 
ister. (Revoked by M-29). 

M-3 and M-3-a Ext. Extends M 
3 and M-3-a to August 31, 1941. 
(Revoked by M-29). 


Neoprene 
M-4. To direct the distribution of 
neoprene. PD-7. PD-36. 
M-4-a. Supplementary order to M- 
4, distribution of neoprene. 


M-4-b. Supplementary order to M- 
4 directing deliveries of neoprene. 


M-4-c. Supplementary order to M 
4 directing deliveries of neoprene in 
addition to supplementary orders 
M-4-a and M-4-b. 

M-4-d. Supplementary order to M- 
4 directing deliveries of neoprene 
in addition to supplementary orders 
M-4-a, M-4-b and M-4-c. 


M-4-e. Supplementary order to M 
4 directing distribution of neoprene 
in addition to supplementary order 
M-4-a, M-4-b, M-4-c and M-4-d 


M-4-f. Supplementary order to M 
4 directing distribution of neoprene 
during the month of May 


M-4-g. Supplementary order to M 
4 directing distribution of neoprene 
in addition to supplementary order 
M-4-f 


M-4-h. Supplementary order to M 
4 directing deliveries of neoprene in 
addition to supplementary orders M- 
4-f and M-4-g. 


M-4-i. Supplementary order to M- 
4 directing deliveries of neoprene 
in addition to supplementary orders 


M-4-f, M-4-g, M-4-h. 


M-4-k. Supplementary order to M 
4 directing deliveries of neoprene 
in addition to supplementary orders 
M-4-f, M-4-g, M-4-h and M-4-i. 


M-4-j. Supplementary order to M 
4 directing deliveries of neoprene 
in addition to supplementary orders 
M-4-f, M-4-2, M-4-h and M-4-i. 


M-4-l1. Supplementary order to M 
4 directing distribution of neoprene 
during the month of June. 


M-4-m. Supplementary order to M 
4 directing distribution of neoprene 
in addition to supplementary order 
M-4-1 


M-4-n. Supplementary order to M 
4 directing distribution of neoprene 
in addition to supplementary orders 
M-4-1 and M-4-m. 

M-5. To direct the distribution of 
nickel bearing steel. (Revoked by 
M-21-a). PD-10. PD-11. PD-17. PD 
18. 


M-5-a. Supplementary order to M 
5. Established preference rating and 
allocation schedules to users of 
nickel bearing steel. (Revoked by 
M-21-a). 


M-5 Amend. Amendment to pref 
erence order M-5 providing defini 
tions of certain terms. (Revoked by 
M-21-a). 


M-5-a Amend. Amendment to sup 
plementary order M-5-a establishing 
scope of preference order M-)-a. 
(Revoked by M-21-a). 


M-5-b. Supplementary order to M 
5. Defines nickel bearing stainless 
steel and percentage use of primary 
nickel to total nickel content. (Re 
voked by M-21-a). 


M-6. To direct the distribution of 
primary nickel. PD-27. 


M-6-a, Conserves supply and di 
rects distribution of primary nickel. 
PD.27. 

M-7. To direct the distribution of 
borax and boric acid. PD-31. 


M-7-a. Supplementary order to M 
7. Extends this order to expire July 
30, 1941. 


M-7 Ext. Extends this order to 
expire August 30, 1941, 


Cork 


M-8. To direct the distribution of 
cork and products and material of 
which cork is a component. (Con 
tinued by M-S8-a. PD-28. PD-29, 


M-S-a. To direct the distribution 
of cork and products and material 
of which cork is a component. PD 
29. 

Copper 

M-9. To direct the distribution of 
copper. PD-37 

M-9 Amend. Amendment to prefer 
ence order M-9 provides information 
on (1) pool (2) shipments, and (3) 
toll agreements 


M-9 Amend. Extends original or 
der to include deliveries of copper 
base alloys and fabrication products 


of same 


M-9-a. Supplementary order to M 
9 to conserve the supply and direct 
Revoked 


the distribution of copper 
M-9 Amend 


M-9-b. Conserve the supply and 
direct the distribution of copper 
scrap and copper base alloy scrap 


PD-1. PD-109. 


M-9-c. Curtailing the use of cop 
per in certain items 


M-10. To direct the distribution 
of polyvinyl chloride. PD-7. PD-36 


M-11. To direct the distribution 
of zinc. PD-50. PD-50-a. 


M-1l-a. Supplementary order to 
M-11 outlining amounts of metallic 
zine, zinc oxide and zine dust to 
be set aside each month. PD-62. 


M-11 Amend. Amendment to M 
11 providing information on: (1) 
shipments, (2) execution of PD-50 
and PD-50-a, (3) toll agreements. 


M-11-b. Supplementary order to 
M-11 outlining amounts of metallic 
zine, zinc oxide and zinc dust to be 
set aside for August. 


M-ll-c. Supplementary order to 
M-11 zinc. 


M-11-d. Supplementary order to 
M-11 zine. 


M-12. To conserve the supply, 
regulate processing, and direct the 
distribution of cotton linters. PD-36. 


M-12 Ext. Cotton linters. Extends 
M-12 to July 31, 1942. 

M-13. To direct the distribution 
of synthetic rubber. PD-7. 

M-14. To direct the distribution 
and use of tungsten in high speed 
steel. 

M-15. To direct the distribution 
of rubber and products and mate- 
rials of which rubber is a compo 
nent. PD-49 

M-15-a. Supplementary order to 
M-15, providing percentage of re- 
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duction in processing or consumpti 
of rubber. 

M-16. To conserve supply ar 
direct use of tricesyl and triphen 
phosphates. 

M-17. To conserve the supply ar 
direct the distribution of: pig ir 
PD-71. 

M-18. To conserve the supply a: 
direct the distribution of chromi 
PD-53-a. PD-53-b. PD-54, PD-5 

M-18 Amend. Chromium 


M-19. To conserve the supply 
direct the distribution of chlorin« 

M-20. To conserve the supply a: 
direct the distribution of calci 
silicon. PD-72. 

M-21. To conserve the supply 
direct the distribution of steel. P| 
69, 70 and 73 

M-21-a. Alloy steel, alloy 


and wrought iron 


M-21-b. Steel warehouses. PD-s 


M-21 Amend. Steel. PD-73 

M-22. To conserve the supply a: 
direct the distribution of silk 

M-23. To conserve the supply a: 
direct the distribution of vanadiu 
PD-S4. 

M-25. To conserve the supply ar 
direct the distribution of formald 
hyde, paraformaldehyde, and he 
amethylene tetramin 

M-25 Amend. Formaldehyde, et 

M-26. To conserve the supply ar 
direct the distribution of silk n 
and garnetted or reclaimed silk fib< 
PD.-77 

M-26 Amend. Silk waste. Amer 
ment to M-26 

M-27. To conserve supply and 
rect the distribution of phenols 


Refrigerant 


M.28 To conserve the supt 
and direct the distribution of 
inated hydrocarbon refrigerant 


M-29. To conserve supply and 


rect the distribution of tungste: 


PD-.9 

M-30. To conserve and direct 
tribution of ethyl alcohol and 
lated compounds 

M-31. To conserve the supply ur 
direct the distribution of met 
alcohol. (methanol) 

M-32. To conserve the supply a: 
direct distribution of potassium yx 
chlorate 


M-33. To conserve supply and 


rect the distribution of potassiu: 


permanganate. 

M-34. To conserve the supply ar 
direct the distribution of toluer 
(toluol). 

M-35. To conserve the supply a: 
direct the distribution of phosphor 
oxychloride. 

M-36. To conserve the supply at 
direct the distribution of manila 
ber and manila cordage. 

M-37. To conserve supply and 
rect the distribution of rayon ya! 
PD-102. PD-108-a. PD-103-b. 

M-37-a. Supplementary order 
M-37. PD-104. PD-112. PD-113 

M-38. To conserve the supply a 
direct the distribution of lead 

M-41. To conserve the supply 
direct the distribution of chlorinat 
hydrocarbon solvents. 
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DOING A JOB FOR DEFENSE 


Thousands of tons of centrifugal refrigeration com- 
pressors are on the job for air conditioning defense 
plants throughout the country, and for many process 
cooling applications. W. S. Bodinus, of the Carrier 
Corp., reviews briefly important characteristics of 
this useful type of machine. Operating head for a 
given constant speed changes very little for the larg” 
est part of the available capacity rating. Continued 
increase of load causes automatic unloading. Ratio 
of speed reduction to capacity reduction is small. 


Typical performance curves for a 
centrifugal refrigeration machipe 
(Condensing temperature aoproximately 95°) 
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ENTRIFUGAI vas com 
pressors are used im a man 
ner quite similar to that ot 


reciprocating compressors in refrig 
erating systems which operate 
the normal compression cycle. The 
centrifugal compressor draws r 
frigerant vapor from the evaporator 
and compresses it until the vapor 
mav be condensed when cooled. The 
refrigerants best suited tor centritu 
gal compression are those of low 
pressure and high density wit! 
large volumes per ton of refrigera 
tion. 

The simple basic elements of one 
centrifugal machine are the shaft, 
unpellers ‘and casing, including the 
diffusers. The impellers and shaft 
rotate at high speed within a 
stationary housing. Supplementary 
elements of importance are a seal 
and a thrust bearing he seal is 
required to prevent leakage of vapor 
where the shaft passes through the 
casing for connection to the motor 
or turbine drive unit The thrust 
bearing carries unbalanced torces 
and holds the rotor in position 

Vapor enters the compressor axi 
ally, as guided by inlet vanes, and 
is moved at high speed by centrifu 
gal force through the designed pas 
sages of the impeller. Discharged 
at the periphery of the impeller, the 
vapor passes through the diffusers 
in the casing and is delivered to the 
impeller of the next stage. The 
flow of vapor is continuous 

Pressure is acquired by the vapor 
in the impeller, as a result of the 
centrifugal force, and the vapor 
moving at high velocity also a 
quires kinetic energy. The diffus 
ers, or the designed passages in the 
housing, provide for the conversion 
of this kinetic energy—the conver 
sion of velocity to pressure. In con 
sequence, the vapor is compressed 
to that pressure which is required 
for condensation in the condenser 

The ratio of compression is fixed 
by the temperature of evaporation 
and by the condensing temperature 
established by the available con 
denser water. The ratio of com 
pression, or the temperature head 
of operation for air conditioning 
applications, may be satisfied by 


two stages of compression. For 
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greater temperature heads, as for 
commercial refrigeration, three 
stages (or perhaps more) are re- 
quired. The number of stages for 
a given temperature head is deter- 
mined by details of design, peri- 
pheral speed, impeller diameters and 
rotor speed. 

Capacity characteristics of the 
centrifugal refrigerating compressor 
are similar to those of centrifugal 
pumps. The curve which relates 
head to volume of gas pumped is 
comparatively flat for the major part 
of the range of capacity. For in- 
stance, the head may be maintained 
constant during the course of 50 per 
cent capacity reduction by only 3 
per cent variation of speed. By 
virtue of this flat curve characteris- 
tic, the operating head for a given 
constant speed changes very little 
for the largest part of thé available 
capacity rating. Near the maximum 
capacity, the curve turns downward, 
gradually and then very abruptly. 
The approach of an overload is ac- 
companied by reduction of head and 
the continued increase of load 
causes automatic unloading. This is 
the result of the impeller design, a 





characteristic of backward curved 
impeller blades. 

The flat characteristic is conse- 
quently of great value in relation to 
operation and performance. A ma- 
chine driven at constant speed can 
operate very close to desired condi- 
tions when wide variations of load 
occur. Likewise, exact maintenance 
of conditions can be maintained by 
very little change of speed when the 
driving unit is provided with vari- 
able speed control. Very precise 
and satisfactory control of condi- 
tions can be simply accomplished by 
manual operation or automatic con- 
trol devices. Since the ratio of 
speed reduction to capacity reduc- 
tion is very small, the cost of speed 
variation with electric drives is also 
very small. 

The centrifugal refrigerating ma- 
chine is inherently one for compara- 
tively large vapor volume. Accord- 
ingly, it is an ideal unit for large 
loads at ordinary temperature levels. 
No other type of system can pro- 
vide so much refrigerating capacity 
per unit of space occupied or per 
unit of floor area. The centrifugal 
is a'so very suitable for low tem 


How to Make Mitered Pipe Joints 


perature operation because of the 
well known thermal characteristic 
that at low evaporating tempera- 
tures the volume of any refrigerant 
vapor per ton of capacity increases 
greatly. Hence the centrifugal not 
only fulfills requirements for “run 
of mine” applications but also has 
merit for new fields extending into 
large capacity plants and into low 
temperature operations. 

Power requirements of the cen 
trifugal compressor increase with 
capacity (not in direct proportion ) 
up to a certain head similar to other 
centrifugal apparatus. This is the 
unloading characteristic previously 
mentioned. It is of practical impor 
tance because a compressor operat 
ing at constant speed and _ suctio1 
temperature will not overload the 
motor when the supply of condens 
ing water fails. The rapid increas 
of head causes the compressor to 
quickly drop the load. When an in 
stallation is unusual and is such that 
a load in excess of the normal load 
can be imposed upon the unit, then 
the motive power should be selected 
for the peak condition 








LEVEL PROTRACTOR 


WATER LEVEL MARKS 
LINE OF CUT 










ee wee 























two-piece mitered joint of 75 deg. Ii 


There is an easy way to mark the angle is readily indicated. If desired, a bend consisting of more than two 


sections is desired, the correct angle 


2 pet Ot 


correct line of cut on pipe when mak- 
ing mitered joints for pipe elbows. 
Sole requirements are a tub of water 
and a level protractor. 

Submerge the end of the pipe un- 
der water at one-half the desired 
angle of bend, using a level protrac- 
tor. By marking the pipe at the water 
level with chalk or soapstone, the cor- 
rect line of cut for that particular 





a templet can be made for duplicating 
the cut on other pipe of the same di- 
ameter, by placing a piece of heavy 
paper squarely about the pipe, tracing 
the cut, and then cutting away the 
scrap portion of the paper to form a 
permanent templet. 

In the example shown in the sketch, 
the pipe is inserted in the water at an 
angle of 37% deg which will give a 


of each cut required to arrive at the 
total angle of bend can be determined 
from the following equation: Angle 
of cut = 

Total Angle of Bend 


2 * (Number of Sections — 1) 


W. D. ScHEFFEY, service operator, 
The Linde Air Products Co. 
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ATLANTA: Organized, 1937. Headquarters, Atlanta, Ga. 
Meets, First Monday. President, S. W. Boyp, Trust Co. of 
Georgia Bldg. Secretary, A. H. Kocu, 3687 Peachtree Rd. 


CINCINNATI: Organised, 1932. Headquarters, Cincinnati, 
O. Meets, Second Tuesday. President, W. H. JUNKER, 6068 
Dryden Ave. Secretary, ALBERT BUENGER, Gibson Hotel. 


CONNECTICUT: Organized, 1940. Headquarters, New 
Haven, Conn. President, W. K. Stmpson, 9 Sands St., Water- 
bury. Secretary, L. A. TEASDALE, 20 Ashmun St., New Haven. 


DELTA: Organised, 1939. Headquarters, New Orleans, La. 
President, C. B. GAMBLE, 3432 Upperline St. Secretary, L. \ 
Cressy, 916 Union St. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Wednesday. President, C. E. Bentley, 
1875 San Antonio Ave., Berkeley. Secretary, J. F. Kootstra, 
625 Market St., San Francisco. 


ILLINOIS: Organized, 1906. Headquarters, Chicago, II. 
Meets, Second Monday. President, Invinc E. Brooke, 189 W. 
Madison St. Secretary, M. W. Bisnop, 228 N. La Salle St., 
Chicago. 


IOWA: Organised, 1940. Headquarters, Des Moines, Ia. 
Meets, Second Tuesday. President, Perry LaRue, 629-3rd St. 
Secretary, C. W. Hetstrom, 1614 Thompson Ave. 


KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday. President, Gustav Norrserc, 
914 Campbell St. Secretary, M. M. Rivarp, 1805 W. 49th St. 
Terrace. 


MANITOBA: Organised, 1935. Headquarters, Winnipeg, 
Man. Meets, Third Thursday. President, R. L. Kent, 365 Har- 
grave St. Secretary, F. L. Cuester, 179 Bannatyne Ave. 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday. President, J. W. Brinton, 
1003 Statler Bldg. Secretary, E. G. Carrier, 704 Statler Bldg. 


MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after 10th of Month. President, J. S. Ku- 
NER, 1091 Seminole Ave. Secretary, W. H. Oxp, 1761 Forest 
Ave. W. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, First Monday. President, H. M. Berrs, 213 City 
Hall. Secretary, D. B. ANperson, 1981 First National Bank 
Bidg., St. Paul, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
‘Jue. Meets, Third Monday. President, W. U. Hucnes, 1411 
Crescent St. Secretary, A. M. Peart, 637 Craig St. W. 


NEBRASKA: Organized, 1940. Meets, Second Tuesday. 
President, Frepertck Orcan, 3724 Mason St., Omaha. Secre- 
tary, C. E. Wiser, 378 Saunders-Kennedy Bldg., Omaha. 


NEW YORK: Organised, 1911. Headquarters, New York, 

Y. Meets, Third Monday. President, Joe WHeEeEcer, Jr., 28 

29th St. Secretary, C. R. Hrers, 19 Westminster Rd., Great 
Neck, L. I. 


NORTH CAROLINA: Organised, 1939. Headquarters, 
rham, N. C. Meets, Quarterly. President, W. M. WALLACE, 

111 N. Corcoran St. Secretary, F. J. Reep, 263 College 
ition, Durham, N. C. 
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NORTH TEXAS: Organized, 1938. Headquarters, Dallas 
Tex. Meets, Second Monday. President, R. K. Werner, 316 
W. T. Waggoner Bidg., Fort Worth. Secretary, M. L. Brown, 
3461 Potomac St., Dallas. 


NORTHERN OHIO: Organized, 1916. Headquarters, Cleve 
land, O. Meets, Second Monday. President, J. A. SCHURMAN, 
Jr., 2700 Washington Ave Secretary, P. D. GAYMAN, 2142 
E. 19th St., Cleveland 


OKLAHOMA: Organised, 1935. Headquarters, Oklahoma 
City, Okla. Meets, Second Monday. President, A. R. Morin 
2115 Sherman. Secretary, J. H. Carnahan, P. O. Box 1498 


ONTARIO: Organized, 1922. Headquarters, Toronto, Ont. 
Meets, First Monday. President, C. Tasker, 43 Queens Park 
Secretary, H. R. Roru, 57 Bloor St., W. 


OREGON: Organized, 1939. Headquarters, Portland, Ore 
Meets, Thursday after First Tuesday. President, J. F. Mclnpor, 
1863 N. W. Aspen St. Secretary, J. A. Freeman, 1623 S. E. 11th 
Ave. 


PACIFIC NORTHWEST: Organized, 1928. Headquarters, 
Seattle, Wash. Meets, Second Tuesday. President, F. J. Pratt 
Annapolis Terrace, Port Orchard, Wash. Secretary, R. E 
LeRicue, 403 Terminal Sales Bldg., Seattk 


PHILADELPHIA: Organized, 1916. Headquarters, Phila 
delphia, Pa. Meets, Second Thursday. President, H. B. Hepces, 
State Rd. and Rhawn Sts. Secretary, R. D. Touton, 9th and 
Columbia Ave. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburgh, 
Pa. Meets, Second Monday. President, E. C. Smyers, 148 
Jamaica Ave. Secretary, T. F. Rockwett, Carnegie Institute of 
Technology. 


ST. LOUIS: Organised, 1918. Headquarters, St. Louis, Mo. 
Meets, First Tuesday. President, D. J. Factn, 1017 Olive St 
Secretary, J. H. Carrer, 3974 Delmar Blvd. 


SOUTH TEXAS: Organized, 1938. Headquarters, Houston, 
Texas. Meets, Third Friday. President, D. S. Cooper, 216 E 
Cowan Dr. Secretary, A. M. Cuase, Jr., Box 359. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquar- 
ters, Los Angeles, Calif. Meets, First Wednesday. President 
A. J. Hess, 1978 S. Los Angeles St. Secretary, Leo HUNGER 
rorD, 4851 S. Alameda St. 


WASHINGTON, D. C.: Organised, 1935. Headquarters, 
Washington, D. C. Meets, Second Wednesday. President, F. A. 
Leser, 608 Mills Bldg. Secretary, F. M. Tuuney, 3707 Georgia 
Ave., N.W. 


WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday. President. W. G 
SCHLICHTING, 1417 W. Lovell St., Kalamazoo. Secretary, H. J 
Metzcer, 137 E. Water St., Kalamazoo. 


WESTERN NEW YORK: Organized, 1919. Headquarters, 
Buffalo, N. Y. Meets, Second Monday. President, W. R. Heatu, 
119 Wingate Ave. Secretary, Herman Seerpacn, Jr, 45 
Allen St. 


WISCONSIN: Organized, 1922. Headquarters, Milwaukee, 
Wis. Meets, Third Monday. President, T. M. Hucuey, 906 
N. 4th St. Secretary, O. A. Troster, Rte. 2, Thiensville, Wis 
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ntrainment and Jet-Pump Action of 


Air Streams 


By G. L. Tuve,” G. B. Priester** and D. K. Wright, Jr.** 


Cleveland, Ohio 


This paper is the result of research sponsored by the 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
in cooperation with the Case School of Applied Science 


Summary 


HEN air is discharged 

from an outlet into a free- 

open space or room, the 
primary air stream becomes a jet 
pump for moving the air surround- 
ing it. Determining the behavior 
of such an air stream when it is 
entraining and mixing the room air 
is a problem in fluid mechanics 
which must be solved largely by ex- 
perimental methods, although ap- 
proximations may be made by ana 
lytical means. 

In view of the increasing variety 
of grilles, slots, nozzles and venturi 
devices used for diffusion of the air 
supply in a room, a brief general 
survey of the subject of air diffusion 
by jet devices is presented. The air 
conditioning engineer is interested 
in the jet pump not only in connec- 
tion with air streams in rooms, but 
also for such applications as fume 
exhausters, gas and oil burners, 
smoke prevention jets and steam 
ejector refrigeration. Hence this 
paper includes an examination of 
data and results reported by several 
investigators. 

Experimental results are pre 
sented for air streams discharging 
into free open space from various 
types and sizes of outlets, at veloci- 
ties up to 2400 fpm. Using an ex- 
perimental method of integration, 
these results are shown to confirm 
the analysis by the theory of con- 
servation of momentum. . The total 
air entrained was in direct propor- 
tion to the distance from the dis- 
charge outlet, but the ratio of en 
trained room air to primary air was 
found to be almost independent of 
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the velocity at the outlet face. lor 
each foot of throw or travel of the 
stream, the actual volume of room 
air entrained was 0.3 to 0.7 times 
the primary air volume. This en- 
trainment was increased by using a 
small outlet, a narrow slot, or a 
spreading grille. 


The Problem 


The jet pump has a large number 
of applications, but each of these is 
so specialized that no comprehensive 
study of the device is available. The 
familiar puffing of a locomotive, the 
operation of the gas burner on a 
kitchen stove and the movement of 
air by a desk fan are common exam- 
ples of air entrainment on the jet- 
pump principle. 

Jet-pump equipment is built in a 
wide variety of forms, but for a gen- 
eral analysis Fig. 1 may be used to 
represent most of them. The essen- 
tial part of the apparatus is the 
nozzle or discharge outlet from 
which the jet emerges. If the mix- 
ture is to be pumped or directed 
into an outlet pipe, the venturi or 
mixer section is used, but the en- 
trainment or mixing action will take 
place even though the venturi ele- 
ment is entirely 
omitted and the 


jet discharges pw ye 
into free space. NOZZLE D 
rT . ' 
The primary p— -_ 


stream P may 
be any fiiid, air, 


Principle of Jet Pump 


The essential feature of the | 
pump is to obtain the maximum « 
velocity or kinetic energy at tl 
nozzle discharge-face. For low 
pressure air or gas, and for al! 
liquids, the process of accelerating 
the fluid as it approaches the nozzk 
discharge is by a simple conversion 
from pressure energy to kinet 
energy : 

P * 


where the velocity |” in feet per sec 
ond and the fluid density w i 
pounds per cubic foot represent th 
conditions at the nozzle discharg: 
face. P is the drop in pressure 
pounds per square foot, from tly 
upstream section to the nozzle fac: 
or A is the equivalent head in fee 
of fluid flowing. As long as com 
pressibility and velocity of approac! 
are both negligible, this equatio: 
may be used to compute the velocity 
at the nozzle face for any fluid, gas 
liquid or vapor. From the practical 
standpoint this process is mere! 
that of increasing the velocity o 
flow by reducing the size of conduit 
When the pressure-drop is large 


Sy 
Qo 5555 IIHS 















water, steam, 





gas, etc. The en- 
trained or sec- 
ondary fluid S is usually air or 
water, although any other fluid 
might be substituted. 
The engineer is interested in two 
questions about the jet pump: 
(1) What are the best design propor- 
tions or dimensions for the device? 
(2) What are its performance char- 
acteristics ? 


Fig. 1—Diagram of typical jet-pump apparatus 


; 


and the fluid is a gas or a vapor, 
fluid expands as it approaches t!x 
nozzle outlet due to the reduct 
in pressure, and a still higher vel 
ity is produced. With such a high- 
pressure nozzle, some of the internal 
energy of the fluid is also tur! 
into kinetic energy and the calcula 
tion of velocity may be based on 1 \« 
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Table 1—Design and Performance of Jet Pumps for Air Entrainment 








(See Fig. 1) 
— D ‘ PRESSURES 
LUIDS ESIGN Jet Across 
REFER- SupPLy 
ENCE | MIXER 
AppLicaTion | Foor- De L M L M ‘ANGLE 
NOTE P Ss Dr 6 deg 
No. Dy Dy Di Ds Ds IN. OF 
Pst |WaTER 
Locomotive ’ ‘ , 
front-end ‘ Steam (Gases 1 5 10 4 12/1 ; 9 $0 ) 
Fume ; 
exhauster 7 Air Air >.2 2 36 14 6 0.28 1.5 
Fume a s * 4 
exhauster a Air Air 20 3.0 7 6 | 2.3 15 ) 1.0 0 
Fume = . 
exhauster ‘ Air Air | 2.0 3.0 7 46 | 2.3 15 5 1.0 1.5 
Gas burner. 2 Air Air OO8 | 15 20 230 | 1.3 16 6 3.0 0 
Gas burner. 2 Air Air 0.08 15 20 230 | 1.3 16 6 3.0 0.5 
Gas burner. ' Nat. Gas) Air 7 ; 2 s 4 
Experimental. 5 Air Air | 0.38 3.0 15 5 16 09 0.5 
Smoke | 
reventer Steam | Air | 0.12 | 12 25 120 | 1.2 6 7 sO 3.0 
Experimental. 6 Air | Air | 0.50 1 s 25 | 5 16 16 09 6.0 


EN 
TRAIN 
MENT 
RATIO 


*The Venturi Ejector, by F. F. Kravath. (Heating and Ventilating Magazine, June 1940, p. 17.) 


b’U. S. Bureau of Standards Technologic Paper No. 193, Design of Atamegheri Gas Burners. 192 


Design of Steam Jets for Smoke Abatement, 
plied Science, 1927, 35 p.) 


drop in enthalpy for a_ constant- 
entropy process. 

But computing the nozzle velocity 
does not explain the pumping proc- 
ess. In what manner or by what 
means does this nozzle jet produce 
entrainment and mixing? There are 
in some cases at least four processes 
involved: (1) Acceleration of the 
particles of secondary fluid by im- 
pact of particles from the primary 
jet. (2) Entrainment of secondary 
fluid by viscous friction at the 
periphery of the primary jet. (3) 
Over-expansion of the primary jet 
to a pressure below that of the sec- 
ondary fluid, with consequent flow 
of secondary fluid toward the axis 
of the jet. (4) Change of state, as 
in a steam injector, during which a 
large reduction in volume occurs by 
condensation, and the energy of 
latent heat is made available. 

Theoretical analysis of a jet pump 
in which two or more of these proc- 
esses are involved becomes very 
complicated. Hence the designs 
have been based largely on the re- 
sults of experiments and tests. By 
plotting curves of pump efficiency, 
pressure and capacity, the effects of 
design changes can be studied. 


Available Data on Jet-Pump 
Design 


A brief discussion, with refer- 
ences, illustrates the possibilities of 
design and performance of the sin- 
gle-stage jet pump. Two classes of 
jet pumps might be recognized, vol- 
ume pumps and pressure pumps. A 
similar classification is frequently 
applied to centrifugal pumps and 
fans. The volume pump is usually 


Du Perow and Bossart. (Thesis, Case School 


a large unit, or at least the venturi 


mixer is large as compared to the 
The most common use of 


nozzle. 
the pressure pump is as a 
pump, although the discharge pres 
sure may occasionally be even higher 
than the jet- supply pressure, as in 
the locomotive injector. Most high- 
pressure pumps depend on the con- 
densing of a vapor, and the venturi 
element is often compounded. 

Table 1 shows typical design pro- 
portions for a number of single-stage 
pumps (see references). Most of 
these would be classified as volume 
pumps, but it is evident that even 
for similar applications there is a 
wide flexibility in the design. The 
diameter of the venturi throat is 
usually made 2 to 4 times the diam- 
eter of the nozzle. The venturi 
mixer must be accurately centered, 
with its throat at a distance of 4 
to 20 nozzle diameters from the face 
of the nozzle. The venturi must be 
large enough so that the nozzle jet. 
which has a natural angle of around 
20 deg, will not produce objection- 
able splashing at the inlet. The en- 
trance to the venturi is either a 
rounded nozzle or a cone of about 
20 deg angle followed by a short 
parallel section. The angle of the 
expanding diffuser beyond the ven- 
turi throat is usually between 4 deg 
and 10 deg and its length may be 
as little as twice its smallest diam- 
eter if necessary, although a longer 
diffuser is preferred for pressure 
recovery. Most investigators report 
improved performance of the pump 
as the diameter and length of the 
venturi mixer are increased, and 
the limitations are mainly those of 
space and cost. Some commercial 


vacuul 
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devices use very small nozzles 
in multiple, or slot-type noz 
zles instead of round ones 
When the pressure differ 
ence across the venturi is In 


creased, either by increasing 

the entrainment vacuum or by 
increasing the exit resistance, 

the pump becomes more ex 
pensive to operate because a 
much higher jet pressure ts 
required. There is no eas\ 

way to calculate the jet pres 

sure required for a given cas« 
Trinks' has derived an equa 

tion for computing the nozzk 

jet velocity required to pro 
duce a specified pressure and 
velocity of the mixture at th 
diffuser outlet. His analysis 

was based on conservation of mo 
mentum and conservation of energy, 
with an assumed efficiency of pres 
sure recovery in the diffuser of 50 
per cent. The application was that 
of a gas burner mounted in the wall 
of a furnace, with a pressure of 
0.025 in. of water in the furnace 
Howe and Johnson? have used a 
similar analysis to derive a family 
of curves covering the range of 
nozzle supply pressures from 3 Ib 
to 60 Ib per sq in. gage, and for 
resistances to 2 in. of water. Thess 
curves were checked experimentally 
with reasonable success 
The pressure-volume 
ships for a jet pump may be likened 
to the family of characteristic curves 
for a centrifugal fan. 
the shape of these 
tween wide-open and blocked-tight 
(S.N.D.) 
by the design proportions. 
the authors has shown, by construct 
ing and testing a series of jet pumps, 
that by changing the ratios )),//) 
and M/D, (Table 1), the curve of 
nozzle pressure against vacuum for 


relation 


In both cases 
curves, be 
conditions, are affected 
One of 


high-pressure air ejector may be 


widely varied to suit the applica 
tion.* But several investigators‘ 


have reported that with the lower 


jet pressures (below 5 lb gage) and 
the usual design proportions, the 


Industrial Furnaces, by W. Trinks (Vol. 2 


2Atmospheric Type Burners Used with Nat 
ural Gas, by Howe and Johnson (ASM! 
Transactions, November, 1939, p, 673.) 

SDesign of Air-Atomizing Oi! Burners, b 
G. L. Tuve. (M. E. Thesis, University 
Minnesota, 1921, 55 pp.) 

_*A Study of the Locomotive Front-End, 

G. Young. (Bulletin University of Illinois 
a BK Experiment Station, No. 256, 193: 
180 pp.) 

SEfficiencies and Entrainment Ratios of Air 
Tet Pumps, by G. P. Miller. (Master's Thesis 
Case School of Applied Science, 1940, 77 pp.) 

*The Performance of Jet Pumps, by Herric} 
and Horsburgh. (Thesis, Case School of Ay 
plied Science, 1940, 40 pp.) 
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, Fi entrainment ratio is only slightly af Table 2—Caleulated Air-Stream Performance 
(Assuming Uniform 1 elocity Across the Stream) 





lected by changing the jet pressure. 


4 
rs 
+ 
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; . . Tr ry ee » awl x 
| For the de sign of fume exhaust penis ! Torat Se 
ers, curves are given in Fan Engi ASSUMED total ENTRAIN MENT 
: - : i ; Aspect Jer OUTLEI rurow MENT Per Foor 
neering‘ which show the effect of AREA SIZE, RATIO ANGLE, VELocITY (Vv =5O | (Art 50 | or STREAM 
’ : - Seo Ft IN Dec FPM FPM) ¥PM) Per Cen: 
changes in ),/D), upon the entrain- - -- - 
a : A - 0.50 8 48x8.48 l 19 400 14.8 7 47 2 
i wi ment ratio, the pressure and the ef- 0.50 848x848 1 19 800 $1.7 15 47.2 
/ . ue ei ° 4 0 50 8.48x8.48 l iv 200 85 2: 7.2 
ficiency. The accompanying text 0 50 a vii : . = —s ~ 3 
ee P , RS) ECE. FR 0.50 12x6 2 14 800 42.9 15 35.0 
| states that the pressure-capacity 050 258 > 19 800 31 6 +4 ‘7 5 
~urve - » range f 0 50 12x6 2 22 800 27 2 15 550 
curve plotted over the range from 030 ta : - — Zs 3 -s 
static-no-delivery to full-open is sub- 0.50 12 x6 60 800 92 15 63 
. 2 . 0.50 12x 6 2 v0 SOO 5.3 15 SS 
stantially a straight line. 0.50 24x3 S 19 800 30.6 15 49.0 
j . % ° . : . . 0.167 49x49 I iv S00 18.3 15 82.0 
From the foregoing discussion ot 0.167 24x 1 24 19 S00 16.6 15 905 
0.083 24x 2 4s 19 SOO 11.1 15 135 





the single-stage jet pump with ven- 
turi, some conclusions may be drawn 
for application to the devices used 
for air mixing in rooms. If such a 
room air diffuser utilizes a venturi 
mixer, the entrainment within this 
mixer will probably be less than 
twice the primary air volume, due to 
the prohibitive size of the venturi 
for large entrainment. Entrained 
volume will be nearly proportional 
to the velocity of the primary jet 


or grille into free-open space in a 
room, the assumptions of a point 
source, jet symmetry and uniform 
velocity cannot be used. There is 
little error in assuming the pres- 
sure constant, i. ¢., a negligible 
vacuum within the jet. Moreover, 
the viscous drag is small on account 
of the low viscosity of air, and the 


in front of the fan, and about 155 
per cent of primary air volume at 
48 in. in front of the fan. One of 
the methods for increasing the en 
trainment of air by a simple jet is 
to use a slot-type outlet. The us 
of narrow slots for room air distri 
bution has been discussed by 
Mackey,’® Stevenson" and others 


EL EE EDS ED TL OE MIN I PEIN TOR oF TE rb PONTO NT ONE MUR I, 0 WBE DE SE 


| : : easttae ame artic —- ‘ > or . , co ae “$< ‘ sts 
| (entrainment ratio constant), but densities are practically equal. Re One of the important quantities 
| . the noise factor will limit the jet examining the four mixing processes to be determined for a room-suppl) e 
| { velocity which may be used. The — a a is found that air stream is the total blow or throw : 
| entrainment might be increased by Ouly One remams, that OF Snpect 01 of the primary jet. As a result of 
: using small nozzles or narrow slots. the primary stream upon the Iree ait both analysis and experiment'® '*: ' 
| in the room. The theory of con Mackey and others have stated th 
| i Jets in Free-Open Space Sr ~ saps 1S estore total throw in terms of the area o/ 
| yicabie. »- Cc sions yarticie : : 
. : : sence ie CANS OF particies the outlet and the primary air vol 
When a jet discharges into iree- may be studied in accordance with E a sa) 
- ey ial ge 2 rg ee DIE ‘ - ume (or the face velocity ) : 
open space without a venturi mixer, the statistical theories of turbulence, ; 
| the case is less complicated and is but since experimental verification KO 
more easily attacked by theoretical and evaluation of constants are nec ] KV VAB 
analysis. Many such analyses have essary in any case, it may be more VAB 
7 been reported, based on theories of direct to » a method of experi a 
: <h . '; lirect nee See } where 7 is the total throw, O the 
diffusion or of turbulence, and in- mental integration instead of carry- ; ' 
, ; primary air volume, | the fac 
volving various assumptions or ap- ing out an analysis of the mech ae ; 
Pa ¥: : : ome a velocity, and A and B the linea: 
proximations. Among the common anisms of turbulent diffusion. i ”, ; ; 
tits a = , dimensions (assuming a rectangula: 
simplifying assumptions are: (1) he mixing-space available with hee ' , oe 
Ty - P ; : ‘ oO - op Adaitiona “xperimental 
: Chat the static pressure throughout a free-open jet is greatly increased ut vs tional . Sperimen 
: ; m iet is conste 2 em soak she results im support of this equation 
, the open jet is constant, f.c., no over that of a jet discharging to a PI | 





| That the velocity — the jet is this principle is turned to commer- mentum, many of the performance 
YESH these esp vinsage al cial advantage when fans are rated laws for a free-open stream may bx 
; closely approximated in such a prac- by the NEMA Code.’ A series of developed. The assumptions ar 

tical eet. that of a small gas such tests made by the authors on those already enumerated: Unitorn 
: burner NAST, Cm ey low-pres- six 4-bladed propeller fans from 24 density, pressure, temperature and 
. cn - ne gd eng in. to 50 in. wheel diameter showed edit Conditioning Principles, by C. 0 
; an average rating of about 125 per . — (International Textbook Co. ! 


vacuum exists. (2) That the vis- 
cous forces are small as compared 
with the turbulent or inertia forces. 
(3) That the primary and secondary 
fluids are of equal density. (4) 
That the jet is being discharged 
from a point source. (5) That the 
jet is entirely symmetrical. (6) 


+ 


rounded-entrance nozzle into the at- 
mosphere. 

For the specific application of air 
discharged from an outlet opening 


*Fan Engineering, Buffalo Forge Co., 4th 


tion, p. 229 
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venturi; hence a greater entrain- 
ment ratio might be expected. But 
there are few published data giving 
quantities of air actually entrained 
by open jets, That the entraining or 
mixing action is continuous along 
the path of the jet has been shown 
by tests of propeller fans. In fact, 


cent of primary air volume at 12 in. 


*Investigations Furbulent Mixing Regions 
Formed by Jets. by A. M. Kuethe. (Journal 
f Applied Mechanics, ASME, 1935, p. AS85.) 

"NEMA Fan Standards. Publication No 
39-56. National Electrical Manufacturers’ As- 
sociation. New York, N. Y.. 1939 


would be desirable. 
The Momentum Theory 


The mixing action of an open jet 
is due almost entirely to the impact 
process, as has already been ind: 
cated, and by simple application o! 
the theory of conservation of mo 


“Air Discharge from Narrow Slots. by 
F. Stevenson. (Heating, Piping and Air | 
ditioning. May and June. 1941.) 

%Air Paths from Grilles, by Greenlaw 
Hart. (Heating, Piping and Air Condition 
June and July, 1938.) 

Measuring Air Distribution and_ Grille P 
formance in Air Conditioning, by CG. L. Tu 
(ASHVE Journat Section, Heating, Pit 
and Air Conditioning, November, 1937, p. 7 
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velocity, and negligible viscosity. 
fhe assumption of a point source 
is not necessary, and jet symmetry 
s assumed only with respect to 
the angle of spread, not to the open 
ng itself. Among these assump 
tions, the most serious violation of 
practical conditions lies in the state- 
ment that uniform velocity exists 
across any section perpendicular to 
the stream, #.¢., at the outlet or par- 
allel to it. 

Constant momentum of the stream 
(MV = constant) means also that 
the total quantity of air in the mov- 
ing stream is inversely proportional 
to the stream velocity. This is dem 
onstrated as follows: 


M, V;, M. V 
wO, V’ w OI 
O V 
O V; | 


where Q is the total quantity or vol 
ume of air moving, at sections 1 and 
2, V is its uniform velocity at that 
section, and w is its constant den 
sity. From this equation we can ob 
tain the air entrainment at any plane 
where the velocity is known. If we 
arbitrarily define the end of the 
throw as that section where the av 
erage velocity has reached, say, 50 
fpm, the total air in motion at the 
end of the throw for an outlet veloc- 
ity of 1000 fpm, is 20 times the pri- 
mary air volume. For an outlet 
velocity of 2000 fpm the total air 
mixture at the end of the throw 
would be 40 times the primary 
volume. 


This does not mean that at a given 
plane, say, 10 ft from the outlet, the 





Fig. 2—View of traverse-grid for observ- 
ing air movement 


ratio of entrained room air to pri 
mary air increases as the face velox 


ity imereases. In fact, the entrain 


ment ratio at a fixed distance from 


the outlet should be independent ot 
the outlet velocity, as shown by thx 
following derivation : 
Since 
O Al, or | 
/ 


Equation (3) becomes 


i) O,A 
() PE e 
or 
O ! 
}) 
() | 


where A is the area of the stream 
at the section under consideration 
and Q is the total volume of air mov- 
ing. But the ratio 4,/A, 1s de 
pendent on the stream angle only, 
and it is assumed that this angle 
does not change as the jet velocity 
is varied. Hence the entraimment 
ratio at a given distance from the 
outlet should be independent of the 
velocity at the outlet face 
Mackey"? has made a number of 
analyses based on the momentum 
theory, with the assumption of uni 
form velocity across the stream 
He has derived equations for the 
throw and the entrainment of a free 
stream. His examples deal with 
both straight-flow and wide-angle 
streams from rectangular outlets of 
various aspect ratios. Some numer 
ical results based on these ideal 

equations are given in Table 2. 
Analytical predictions of jet per 

formance such as those given in 

Table 2, whether based on the mo 

mentum theory or otherwise, are all 

dependent on many simplifying as 
sumptions. Hence they lead to se\ 
eral questions which can be an 
swered only by experiment 
1. Does the total momentum of the 
stream actually remain constant 

2. Is the ratio of entrained room ait 
to primary air at a given distance 
from the outlet actually inde 
pendent of face velocity ? 

3. Is the throw actually proportional 
to the face velocity ? 

1. What are the effects of variations 
of velocity across the stream, and 
is there any practical way of tak 
ing these effects into account? 

5. What are the effects of the type 
of approach to an outlet 

“The Rationale of Air Distribution and Grille 


Performance, by C. O. Mackey. (Refrigerating 
Engineering, June, 1938, p. 417.) 
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the jet 1 ir i 
iet and tl i i ittect 
tin vel cit tit 
discharged ma é 
7. Can these analyses be app! 
wide-spread grill ciling 
lets, and utiets ol al snap 


or aspect-ratio 

In an effort to answer some of these 
questions, the following exper 
mental program was undertaker 

Experimental Set-Up and 

Procedure 

The first requirement for cli 
ing the momentum theory was 
devise some means tor taking int 
account the variations in velocit 
across an actual air stream | 
analytical predictions of Table 2 
were computed on the assumption o 
uniform velocity at all points in 
plane at right angles to the streai 
But when measurements are-mad 
across an actual stream, a wide var! 
ation in velocities is found By 
dividing the stream into small areas 
and taking velocity measurement 


qt «it 


within each small area it is possibl 
to remove this chief violation 
tual conditions. In this wav a mu 
more accurate application of 
; 
momentum theory can be mad 
Fig. 2 shows the apparatus us 


for such a stream analysis on the 


basis of differential areas. Ly means 
ot a grid of 6-in. squares formed b 
threads stretched across a large 


frame, the stream was explored 


with a velometer \ velocity read 
ing was taken in the center of eac! 
6-in. square where the crepe-papet 
ribbons indicated air movement ( sec 
Fig. 2) Since the mass of the air 
flowing in any small square is w4/ 
the momentum is 

WV wal 
That is, the momentum is equal 
the product of the air density, the 
area, and the velocity squared 
These individual momenta were 


computed for each small square, an 
the sum of all of them represented 
an integrated momentum or total 
momentum for the entire stream 


This amounts to a step by step inte 
| | 


vration based on area increments ¢ 
0.25 sq ft. 

Velocity measurements wer 
taken over cross-sections of the 
stream spaced at intervals of 3 ft uy 
to 18 ft from the outlet. The inves 
tigation covered several sizes of 
openings, several types of grilles and 
types of approach. Tests were mack 


at various face velocities from 400 to 
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Table 3—Total Momentum of Air Streams Table 5—Entrainment Ratios for Free Air Streams 
(First Series) —— - 
—_— a . — - we = 7 Face VELocIty, Fru 
r y Distance Crm Diviwep sy Gross Agga 
PACE Loc . *m Tt Su rom Out Le om we 
Distance (Crm Devivan BY ‘Guess Ane a) a , + ' - 400 800 1200 Loin 
OUTLET SIZE ee ee _ . —— 
| i PY 100 } 800 1200 1600 P mi 1 77 1 62 10 1 a7 
12 in. x6 in. ei oO 0 050 0 196 0458 “0 80 -j 1 ree Opening, . 3 10 : ee : Y 2 s 
Free Opening. ; 0 051 0 200 0 428 0 78 Duct Approa: 12 5 58 6 45 “4 
Duct Approach 6 0053. | 0.183 0 427 O.81 £ 
j 0 0 184 »412 7 3 
| 12 | | 0 190 | 3 40S | ° Hy sag ey te : 78 24“ 
12 in. x 6 in | 0 | oats | | 0.462 Duct Approach mn 340 : 
hy . ; 0 0850 
uct Approac 6 0 1018 0 324 12 in. x 6 in 15 117 1 38 
” 0 0935 0.332 Nozzle Grill ; 1 985 1 os 
12 | 0 0995 | 0.336 ss —— h . 3 645 : a 
2 in. x 6 in 0 00606 | | 0 2430 2 68 
| a Sa $ 0 0401 | ! 0 1935 
uct Approach i) 0 0068 | 0.1562 12 in. 2 6 in 15 113 103 1o 
9 0 1500 ached Grill 3 1 o2 1 96 1 On 1o4 
N 12 0.1760 — - 6 i 5d 3 56 $52 3 58 
: 12 in. x 6 in 0 0 0254 owe | 0.2300 =| 0 403 12 6 46 7 39 7 
Square- Punched Grille ; 0 0273 0 0045 0.1960 «| 0 416 1S gs 
r Duct Approach 6 0 0277 01039 | 0.2052 | 0 379 1s i 
9 © 0982 0.2120 0 380 
j 12 0018 | 0.2235 . rf 20 in. x Sin ; 1 06 16 
| : | 0.408 ty " 2 4 
20 ja x 8in | 0 0 499 0 998 | 1.768 . his 
Opening. | 3 35 Ct«* q a ® . 28 
Duct Roqenah | 6 ° a4 | > ss | 1.555 =>. ‘Grille 6 : is 1 78 
2 0.403 —, Duct Approach 3 3 82 mw 
20 8 ir x 5 | 5 vod 
Bar Orile P 4 o 23 — t Oss ey $ : 13 
Juc Dac 6 TS 56 : . ~ 9 
= ppr 2 rT) | . 26s 0 a $ } rr} Duct Appr ac h 12 ’ " 
i 12 0 260 0 990 
: | 12 in. x 12 in J 
: 14 in. x 4 in | 0 0 327 Free Opening 8 2 00 
: Free Ope 3 ) 279 aN 9 2 66 
| a FG, Duct Arpros F + 
: 9 
; | i3 0.286 | 12 in. x 6 in 1 SS 1 78 
| 12 in. x 12 in } 0 | 0 388 ee ss _ " - : a. ; : 
Free Opening. ; ee Cures 12 6 &2 
: Duct Approach 6 0.335 
( mt) 0.321 
12 0 336 
/ 1 c 1 4 i 
2 in. x 6 in 0 0 1960 0 442 0.786 ° . ° . . . 
Pree Opening 3 0 2050 0 520 0 903 Table 6—Entrainment Ratios for Free Openings 
: Plenum Approach 6 j 0 2305 0.440 0 878 > 
| ‘ 0 2360 0 874 (Plenum Approach) 
y 12 0.525 
; , . E TRA t A aro} 
| Table 4—Total Momentum of Air Streams eth aite Fact Vetocity, FP 
. . . UTLET Size AsPect Crm Diviveo sy Gross Arga 
/ (Second Series) Arga = 0 5 Sq Fr) Ratio 
: - = —————— ee — - 7 it eres 400 S00 
Pace VeLoctty, Fem 8 48 in. x 8 48 in 10 4i4 436 ‘ 
| DrsTaNnce Cem Divinep sy Gross Arga 10 285 in. x 7 in 147 442 493 ‘ 
Out er Size FROM OUTLET —_ 12 wn. x 6 in 20 410 425 i4 
| In Fr 400 800 1200 2400 14 4in. x Sin 29 401 47) ‘ 
¢ rE —— ™ - —— . — - 18 in. x 4 in a5 4 6 ‘wo ‘ 
: 8 48 in. x 8 48 in 0 0 0750 0 278 0 681 24 un. a2 3in 80 42 4 8) ‘ 
Pree Opening ” 0 0764 0 276 0 539 
Plenum Approach | 
10 285 in. x 7 in | 0 0 0712 0 282 0 680 
« Free Openin a | 074 0 301 | 0 585 j e ° “ , . 
Manes: Aepesech oT 2 Table 7—Entrainment Ratios for Free-Open Slots 
12 in. x 6 in. 0 | 0 0737 0 299 0 644 1.828 (Plenum Approach ) 
Pree Opening, i) | 0 0681 0.259 | 0 557 1.640 
Plenum Approach | | | | —EE - a ™ 
3 14 4 in. x 5 in 0 | 0 0666 0 207 | 0 648 6 Fr rrom M 
- Free Opening, ” | 0 0651 0.299 | 0 529 ASPECT 
Plenum Approach Sue Ratio Ar Ar \ Ar Ar 
| | 200 crm Soo FPM 1200 eeu 200 ceM SK) PPM 
18 in. x 4 in 0 | 0 0666 0 206 o os i VoLtuMe Vetociry § V . \ \ tt Vevociry 
Pree Opening, a) | 0 0625 0 285 | 0 519 
Plenum Approach | | 24 in. x 3 in s 427 ‘8 i 
j 24 in. x 2m 12 62 6 61 
24 in. x 3 in 0 | 0 0805 0 200 oO m8 24 in. x 1i aa | 6 67 6 81 6 UT & 81 & 12 
Free Opening ’ 0 0657 © 301 0 560 24 in. x Y3 in is 9 2 9 07 10 10 11 os 14 
Plenum Approach 7 
94 in. x 2 in ) 0.187 0 431 
Free Opening, 9 0.215 0 406 , 
Plenum Approach | = e _ " - P 
: " Table 8— Entrainment Ratios for Free Openings 
; 24 in. x 1 in. | 0 | 0.1040 0 192 0 823 “ 
Free Opening, 6 01005 | 0192 | 0 668 (Plenum Approach) 
Plenum Approach | 4 | 0.1155 | 0 202 0 620 ; 
4 24 in. x Vy in 0 } 0 480 010 | 0416 ’ 
Free Opening. | " | 0 570 0.111 0 351 . 6 Fr erom Ovtiet 0 Fr rrom OvuTte ey 
‘ Plenum Approach ” | 0 456 0 107 | 0.344 Sug Aspect . 
| | (Area 24 Sq In.) Ratio SOO FPM 1200 pew | 2400 reu | 800 FeM 1200 Fe : 
4 4 Qin. x4 9in 0 | 0.1153 0 212 0 823 —- - 
' Free Opening. 6 | 0 1030 0 190 j 0 748 4 9in. x4 Din 1 5 01 439 4.72 7 47 7.13 
Plenum Approach ” 0.1160 0.204 j 0 642 24 in. x lin a4 6 SI 6 67 6 00 8 12 8 S81 5 
> ; 15,16 T 5 
2400 fpm. All tests were made in same,!* '6 The test ducts and the observers working two at a tin § 
/ a closed room 48 ft x 21 ft x 13 ft plenum chamber were frequently The authors wish to extend special . 
! high, the air outlet discharging hori- checked for leakage (which was al- thanks to the following men wi! & 
. e ° . ee . - - - 
zontally from one end of the room, ways negligible). In addition to the were responsible for most ot Py 
about midway between floor and tests on free openings and grilles in thousands of observations and « 
| ceiling. The primary air was meas- the sizes 12 in. x 6 in., 14 in. x 4 in., culations here reported: Messrs. k 
| ured by the same calibrated orifices and 20 in. x 8 in., tests were also E. Bolz, Yale University, W. ‘ 
used in previous investigations, and made on square orifices of 4 in. to Roberts, Lehigh University, D. \\ 
| the air supply system was also the 12-in. sizes, and on slot-type outlets Steel, H. W. Engelman and F. | 
= without grilles, down to one-half Marble, Case School of Appl 
: SASHVE RKesearcu Report No. 1140 P 5 : , Mar le, ase School API 
The Use of Air Velocity Meters, by G. L. inch slot width. Science. 
Tuve, D. K. Wright, Jr., and L. J. Siegel. . : 
; (ASHVE Transactions, Vol. 45, 1939.) (See A k | , Tests were frequently rep sated 
Fig. 4.) cknowledgm : ; 
: WASHVE Researcu Rerort No. 1163—Air dgment different observers, to check the 
: Fiow Meas ments at Intake and Discharge T ‘ ‘ sas : : a ‘ 
Openings and Grilles, by G. Rey, ge D. The actual tests extended over curacy of results. It was found t 
Se eee a: LA SUS - re about six months of steady work, while the velocities read in each 
712 Hearinc, Prernc ann Am Conprriontnc, Novemper, !"!! 


od Re ee 





a ee 


Page 


a ee ee 


Oo Tey. WMO 


WAS 































































































— ] 
| 
Zi 
° DA 
- | 
s 4 a re ; 
(2) - 
- * , 
< = 
a “* 
4 Z 3 } 
 — 
s 
Z & m | 
a ow | 
K3 <2 aes | 
4 
5 7 ¥ | | 
o a | 
4 ° | 
« Pa | 
2 | ol oie } — 
“1-7 
47 | | 
4 oe | 
i Mm Pat ol | } 
4 0 2 4 6 8 0 2 
oS y DISTANCE FROM OUTLET -FT 
7 
Fd Fig. 4—Effect of grille size on air entrainment ratio; bar grilles, 
ole” otherwise identical; face velocities 800 to 1600 fpm (for test 
re) 2 points see Table 5) 
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DISTANCE FROM OUTLET -FT. 


Fig. 3—Effect of outlet area on air entrainment ratio; free open- 


ings at end of duct; face velocities 400 to 1600 fpm (for test 


points see Table 5) 


dividual square at different times 
or by different observers did not 
agree perfectly, the summation of 
velocities and summation of mo- 
menta over the entire air stream 
showed very good agreement. As a 
further precaution several different 
velometers were used, each velom- 
eter being calibrated during the 
tests. When these calibration cor- 
rections were made, the results with 
different velometers showed satis- 
factory agreement. 


Definitions and Calculations 


The test results have been com- 
puted in terms of total momentum, 
jet angle or spread, total throw and 
total entrainment. Total volume at 
any cross-section of the stream was 
obtained as the summation of the 
AV products for all the 6-in. 
squares and total momentum was 
the summation of the products 
wAV?, See Equation (5). 

Entrainment ratio is defined as 
the ratio of the volume of room air 
entrained to the volume of primary 
air leaving the outlet. Total en- 
‘rainment is the entrainment ratio 
measured at the end of the total 
throw. 


Total throw (or blow) is the dis- 





tance measured 
perpendicular 6 





to the outlet 
face, at which 
the velocity has 





reached a pre- 
determined low 
value. 

Jet angle or 


= 


ZZ 
4a 





spread is the 
total angle in 
degrees be- 


w 

















tween the two 
straight lines 
on opposite 
sides of the 


AIR ENTRAINMENT RATIO 


~m 


So 





stream which 
are drawn from 
the edge of the 





outlet and tan- 1 
gent to the 
edge of the 
stream. (The 0 




















spread becomes 0 2 
somewhat less 











4 6 8 0 2 
DISTANCE FROM OUTLET -FT. 


than this as Fig. 5—Effect of type of outlet on air entrainment ratio: 12 in. 


the end of the 
throw is ap- 
proached. ) 


Experimental Data and 


Results 


A tabulation of the total mo- 
mentum obtained at each test loca- 
tion 1s summarized in Tables 3 and 
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x 6 in. outlets at end of duct; face velocities 400 to 2000 fpm 
(for test points see Table 5) 


+. From these data, the experi 
mental results are seen to substan 
tiate the principle of constant mo 
mentum. Since this theory has 
been substantiated by others also, it 
is concluded that the accuracy of the 
method for taking the velocity pat 
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tern into account is satisfactory. In 
general, the mean deviation of the 
individual momenta from the aver- 
age of all momenta for the particular 
test is less than 5 per cent. In view 
of the unsteady and surging nature 
of the air stream in a room, this is 
considered very close agreement. 
(Note: The momentum at zero dis- 
tance cannot be obtained by the same 
method as the others; hence it may 
differ somewhat. ) 

In terms of the entrainment ratio, 
or the ratio of entrained room air to 
primary air, Table 5 shows the re- 
sults of the same tests that were 
covered by Table 3. From Table 5 
it may be seen that for practical pur- 
poses the entrainment ratio may be 
considered independent of velocity. 
Sut the entrainment ratio does vary 
with the size and shape of the dis- 
charge opening, and with the tvpe of 
grille and the type of approach. A 
lower entrainment ratio with a 
larger opening is definitely indicated 
by the test results of Figs. 3 and 4, 
although the range of sizes is not 
great enough to give a definite rela- 
tion. From these data, the larger 
opening would also be expected to 
give a longer total throw with the 
same outlet velocity, which confirms 
the results of other investigations 
and the theoretical calculations of 
Table 2. 

Fig. 5 presents information upon 
the effect of type of grille upon en 
trainment ratio by comparing three 
different styles of grilles and also a 
free opening, all of 12 in. x 6 in. 
size. Fig. 6 shows the difference 
between a_ straight-duct approach 
and a plenum approach. This figure 
may also be taken as a comparison 
between zero velocity of approach to 
the outlet, as when the grille is 
mounted in the wall of a plenum 
chamber, and maximum approach 
velocity, as when the grille is 
mounted at the end of a long duct 
of the same nominal size. The con 
clusion might be drawn from Figs. 
5 and 6 that streams from square- 
edged orifice type openings tend to 
give slightly higher entrainment 
ratios than streams which are guided 
by ducts and bars, but the difference 
is not over 20 per cent. 

The effect of the shape of the out- 
let, expressed as aspect-ratio or as 
slot width, is indicated by Tables 6 
to 8. Table 6 reports tests of six 
free openings of equal area but of 
various shapes. These tests show 
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Fig. 6—Effect of type of approach on air entrainment ratio; 


10 12 
ge velocit 


across the se 


12 in. x 6 in. free openings; face velocities 400 to 1600 fpm tion as meas 
(for test points see Table 5) ured by thx 


that for ordinary rectangular open 
ings the aspect ratio or shape factor 
has little effect upon the air en- 
trainment. This agrees with the 
computed data in Table 2. Table 7 
carries the study farther, and gives 
results on free-open slots from 3 in. 
wide down to % in. wide. Here it 
is demonstrated that by reducing the 
slot width to less than 2 in. the en- 
trainment may be markedly in- 
creased. Table 8 is a comparison 
of a l-in. slot and a square outlet, 
both of the same total area. The 
effect of changing the aspect ratio 
is not as great as might be expected. 

Limitations of the testing space 
available made it difficult to measure 
the total throw. Table 9 gives the 
results of a few tests in which the 
face velocity was varied and the 
total throw was measured. In these 
tests the end of the throw was de- 
fined as the plane at which the max- 


a 








AREA | ASPECT 
Outer Size Se Fr | Ratio 

§ 48 in. x 8.48 in.. os - 1 i 8 

10 .285 in. x 7 in.. | 0.5 | 1.47 

12 in. x 6in..... 0.5 2.0 | 

14.4 in. x 5in | 0.5 | 2.9 

18 in. x 4in.. 0.5 4.5 

24 in. x 3 in | 0.5 8.0 

4. 9in.x4.9in 0.167 1 

24 in. x 1 in 0.167 | 24 
0. 48 


24 in. x 2 in ‘| 





traverse - gri 

method. 
Typical data sheets from whic! 
these and the other results wer: 
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Fig. 7—Typical data sheet showing maxi- 
mum velocity of air as measured by trav- 
erse-grid method 


Table 9—Distances from Outlet in Feet Where Maximum Velocity was 100 fpm 





Vetocity = Crm Divipep spy Gross AREA 





400 rpm | 600 ¥Pm | 800 FPM | 1200 rpm | 2400 Frew 


an 32 
36 
36 
35 
32 
32 ; ; 
24 35 
18 27 
12 | Is MO 
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Fig. 8—Typical data sheet showing maxi- 
mum velocity of air as measured by trav- 
erse-grid method 


obtained are shown in Figs. 7 and 8. 
These sheets give the uncorrected 
velometer readings as observed at 
the grid, and the outlet size is super 
imposed upon each traverse area, in 
proper position and to scale. 

Jet angles were measured in all 
tests, and Table 10 gives a summary 
of some of the results. Angles were 
determined experimentally from 
layouts to scale, using data sheets, 
similar to Figs. 7 and 8 for dis- 
tances of 3 to 12 ft from the outlet. 
The average jet angle, which is 
taken as the arithmetical mean be- 
tween the horizontal and the vertical 
angle of spread, tends to increase 
shghtly with increasing outlet veloc- 
ity. For a slot-type outlet the hori- 
zontal spread is not the same as the 
vertical spread, and the stream 
tends to become circular. A few 
tests were made on directional-flow 
grilles with wide-spreading stream, 
and these indicated that very much 
greater air entrainment may be oh 
tained with this type of outlet, as 


STANDARD SAFETY SIGNS 


A new standard for industrial 
accident prevention signs which 
provides for uniform colors and 
wording has been announced by the 
American Standards Association. 
The purpose is to increase the ef- 
lectiveness of safety signs in pre- 
serving human life. 

For maximum safety, it should 
not be necessary to stop, read, and 
analyze the meaning of each par- 
ticular warning sign. Reaction to 


predicted by the results in Table 2 

Such items as directional flow 
grilles and heating and cooling of 
the air stream, should be covered by 
further investigation. These studies 
are to be continued under the direc 
tion of the Technical Advisory Com 
mittee on Air Distribution and Air 
Friction of the ASHVE, as already 
authorized by the Research Com- 
mittee of the Society. Critical com 
ment and suggestions for this work 
will be gladly received 


Conclusions from Tests 


The following conclusions may be 
drawn as a summary of the experi 
mental results here presented It 
will be noted that the tests were 
limited to air outlets less than 160 
sq in. in area and outlet velocities 


Table 10—-Jet 


FREE OPENINGS ( 
PLENUM APPROACH 
100 

Hor VER! \N 
8S 48 in. x 8 48 21 20 20.5 
10 285 in. x 7 it 20 20 20 
12 in. x 6 in : 17 23 20 
14.4 in. x Sir 16 24 20 
18 in. x 4 1n 14 26 20 
24 in. x 3 in 10 ‘1 20 
$9in. x4 0m 20 22 21 
24 in. x lin 10 26 18 
24 in. x “Yin 10 “0 20 


up to 2400 fpm, but that a variety 

of types and sizes were tested. 

1. The total momentum of a free air 
stream remains practically constant 
throughout its measurable length 

2. Entrainment of room air is continuous 
throughout the length of an _ air 
stream, and amounts to 20 to 70 pet 
cent of the primary air volume pe! 
foot of travel or throw. This per 
centage entrainment may be increased 
greatly by using slot-type outlets or 
wide-angle spreading grilles. 

3. The ratio of entrained air to primar 





such signs should be automatic, pai 
ticularly in workplaces where em 
ployees cannot read English readily 
but can be trained to recognize in- 
stantly and be warned by standard 
sign designs and colors. 

It is with this thought in mind 
that the committee developing the 
standard has divided all accident 
prevention signs into five major 
groups : 

1. Danger signs to be used to warn 
abcut specific dangers only and re« 
moved as soon as the danger they 
warn against no longer exists 
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air at a given distance trom the out 
let face varies as follows 
(a) Entrainment ratio decreases as 
the area of the outlet is increased 
(b) Entrainment ratio is practically 
independent of the outlet face 
velocity 
(c) Entrainment ratio practically 
the same for all square and re 
tangular outlets of the same area 
except the very narrow slots 
1. The total throw or blow of an an 
stream is directly proportional to t 
outlet velocity 
5. The air stream from a nari 
outlet becomes almost circular towa 


the end of its throw 


5 The maximum velocity at any plan 


at right angles to the stream is 
ally about three times the average 


veloc ity in that plan 


Angles in Degrees 


Face VELOCITY, FPM 


rm Divipep py Gross AR! 


sin) -U) 
RI \V Hor 

2 24 24 2s 

26 24 23 2s Z 
Zt oe 20 i 4.) 24 
“) 23 21 w) 4 
28 21 16 ] - 
30 22 15 ; 4 
22 21 22 JI 1 
os 19 14 v4 e 
$1 21 12 a2 


from a rectangular outlet ot a 
shape, without spreading vanes, 
about 19 deg, +5 deg depending on 
type of approach, type of outlet and 
velocity. 


8. The air entrainment by a ventu 


mixer unit is small compared wit! 
the natural entrainment by a free ai 
stream 

9. For increasing the air mixing and 
reducing the throw, the advantages of 
the narrow slot or of the narrow-ring 
ceiling outlet are clearly indicated, as 


are those of the wide-spreading grille 


Caution signs used to warn against 
possible danger or unsafe practices 


Safety instruction signs providing 


information regarding general safe 
practices 

+. Directional signs used to point the 
way to staircases, fire escapes, exits 
etc. 

5. Informational signs used to carry 
messages of a general nature such 
as rules and regulations 

American Standard Specifications 

for Industrial Accident Prevention 
Sigus——-Z35.1-1941 has been pub 
lished in pamphlet form 
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Pittsburgh Experiment Station of the U. S. Bureau of Mines where the Research 
Laboratory of the American Socirety oF Heatinc AND VENTILATING ENGINEERS is located 


Review of Glass Transmittance 


Coefficients 


By F. C. Houghten*, D. Se., M. L. Carr**, and David Shore***, Pittsburgh, Pa. 


URING the past quarter of 

a century several investiga- 

tors have conducted re- 
search on heat transmission through 
glass. This research has included 
in its scope not only the determina- 
tion of the heat transmittance coef- 
ficients of glass alone, but also of 
glass as used in various window 
irrangements That 1s, the tests 
ave dealt’ with plain glass, and also 
with single and multiple glazed win- 
lows set in both wood and metal 


sas! This paper, intended as a 
review of the more pertinent data 
gleaned from these investigations, 
cludes a resume of the methods 
employed and the results obtained 

connection with the investiga 


ions, and further, contains an at- 
tempt at some comparison and cor- 
relation of the data» gathered. 

One of the earlier investigators 
in this particular field of research 
was John R. Allen, who conducted 
his work on heat losses through 
glass in 1916." His apparatus con- 
sisted of a rectangular wooden box, 
having thick, well-insulated walls, 


*Director, Research Laboratory, ASHVFE 
Pittsburgh, Pa. Memser of ASHVF. 
**Director, Pittsburgh Testing I-.aboratory, 
Pittsburgh, Pa. Memeer of ASHVE 
***Research Engineer, ASHVE Research 
Laboratory, Pittsburgh, Pa. Junior MemBer 
of ASHVE 
1Heat Transmission Through Building Mate 
rial, by John R. Allen (ASHVE Transat 


rions, Vol. 22, 1916, p. 507.) 
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with one of its sides removable to 
facilitate the insertion of the panel 
to be tested. Moreover, the box 
was placed on trunnions so that it 
could be turned in any position, thus 
enabling the panel to be tested either 
as a floor, wall, or ceiling. 

The box was placed in an outdoor 
shelter, and in order to simulate or 
dinary outdoor atmospheric condi- 
tions for the outside of the box, a 
blower served to create wind veloc- 
ity effects and spray nozzles pro- 
duced rain effects. The inside was 
maintained at a uniform tempera- 
ture by electric heaters consisting of 
ordinary carbon filament lamps. 
These lamps were screened by dou- 
ble shields of brown paper in order 
to reduce the radiation of heat to 
the test panel and to the eight ther- 
mocouples placed in different parts 
of the box to measure the inside 
temperature. Outside air tempera- 
ture was determined by six mercury 
thermometers. A recording watt- 
hour meter was used to measure the 
electrical energy supplied to the 
box. 

Each test was conducted with all 
conditions being as nearly constant 
as possible, particular care being 
given to the maintenance of a uni- 
form temperature difference be- 
tween the inside and outside air. 


The length of a test was determined 
by the outside temperature, it be 
ing thought desirable to have a pe 
riod of at least four hours of con 
stant temperature before starting 
and also at the end of the test. The 
loss in heat through the walls of 
the box itself was determined by 
placing in the open side of the box 
a section constructed in the same 
manner as the rest of the box. The 
coefficient thus determined was then 
applied to all the box surfaces ex 
posed to the outside during the test 
The results obtained from Allen’s 
tests on glass, as well as those for 
other experimenters, are listed im 
Table 1. 

Also in 1916, Hammond and 
Holmberg* conducted heat transmis 
sion tests on glass at the Thermal 
Testing Plant of Pennsylvania State 
College. The experiments were 
made with a cubical corkboard box 
suspended in a large calorimeter 
room which was cooled by brine 
coils. A fan and an electric heating 
coil were placed inside the box for 
producing the required, uniformly 
distributed temperature difference 
between the inside and the outside 
of the box. The electrical energy 


2A Study of Surface Resistance with Glass 
as a Transmission Medium, by H. R. Ham 
mond and C. W. Holmberg. (ASME Trans- 
actions, Vol. 39, 1917, p. 757.) 


Heatinc, Prrinc anp Am Conprrioninc, Novemser, 194! 


NEAT Bih vRAEN SOC Aik. + the Rea tl Bea Ta i Nabe cela weet spa iie adh sad ie Sail haa pesca ah. Bintbieetied pi. 





Spent, 


COCR AREY tn Deel he ates 6 


Te 





te ee ee 


TR py AP 


nad 





input into the box was measured by 
accurately calibrated voltmeters and 
ammeters on both the heating coil 
and fan circuits, and the tempera- 
tures were recorded by platinum- 
resistance thermometers. These 
resistance thermometers were care- 
fully calibrated and then protected 
from any air currents that might 
affect the readings. The corkboard 
box was calibrated for heat loss and 
then the removable side was re 
placed by a four light window, the 
plate glass being % in. thick. Ther- 
mometers were placed at distances 
of % in., % in., 1 in., 3 in., 10 in., 
and 28 in. from the outside surface, 
while the inside air temperature 
was taken at a point 10 in. from the 
inside surface of the glass. Read- 
ings were taken until constant tem- 
peratures had been maintained for 
some time. 

Some experiments to determine 
the rate of heat transmission 
through single and double glazing 
set in various types of sash were 
conducted in 1916 by W. S. Brown, 
under the direction of A. N. Shel- 
don.* The sash tested were of such 
size as to completely fill an open- 
ing in the face of a test box con- 
structed of 2-in. tongued and grooved 
white pine, well-seasoned and cov- 
ered with 2-in. cork boards, the 
joints of the latter being made air 
tight with brine cement. To reduce 
to a minimum the leakage around 
the sash at its line of contact with 
the box, a continuous wool felt 
gasket, 1 in. thick, was placed 
around the edge, and the sash 
screwed firmly against it. Heat was 
supplied by an electric heater placed 
at the bottom of the test box, and in 
order to reduce direct radiation of 
heat through the lower panes of 
glass, \% in. white asbestos-board 
plates were fastened against the 
framework of the heater. 

A fair average of the internal air 
temperature of the box was obtained 
from the readings of 12 thermom- 
eters. The temperature of the out- 
side air, heated by a steam radiator, 
was controlled by a thermostat and 
observed by an accurate wall ther- 
mometer hung halfway between two 
air circulating fans. These fans di- 
rected air against the sash at an an- 
gle of 30 deg, thus providing a 
positive circulation over it of ap- 
proximately 7 mph as read from an 


—-_ 


*Heat Transmission Through Various Types 
f Sash, by A. N. Sheldon. (ASME Trans- 
tions, Vol. 88, 1916, p. 857.) 


anemometer. The back and sides 
of the test box were protected 
against air currents by vertical baf- 
fle boards placed on these sides. 

In order to determine what por- 
tion of the total heat measured was 
conducted through the sash in a 
given test, it was necessary to sub- 
tract from the total quantity the 
amount lost through the back, sides, 


























PLAN SECTION 


Fig. le—Plan section of the 

laboratory building and the hot 

room used by Kreuger and 
Eriksson 
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PLAN SECTION 


Fig. 16—Sectional views of the 
cold room used by Kreuger and 
Eriksson 





top and bottom surfaces of the box 
This latter amount was ascertained 
by means of blank-run tests, the 
front of the box consisting of the 
same materials as the other sides 
This procedure was quite similar to 
that of Allen’s mentioned previously 
During the blank-run tests, the fans 
were not in operation, as the pur- 
pose of these tests was to obtain the 
rate of transmission through the 
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walls of the box under the condi 
tions of the main tests; that is, with 
still air for the back, sides, top and 
bottom. Furthermore, the error 
due to a possible change in conduc 
tivity of the box itself during ex 
periments was determined by tests 
made at temperature differences of 
40 and 70 F, both before and after 
the sash tests. It was found that 








VERTICAL SECTION 


Fig. le—Location of ther- 

mometers used in Kreu- 

ger and Eriksson's hot 

room on warm side of 
test wall 
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PLAN SECTION 


Fig. ld—Sectional views of the hot box 
used by Kreuger and Eriksson 











a slight increase in conductivity oc 
curred, probably as a result of 
shrinkage and warping of the 
hoards. 

During all tests temperatures of 
the different types of sash were 
measured in order to ascertain, to 
some degree, the effect of these sash 
on the rate of heat transmission 
Thermometers placed tightly against 
the sash surfaces were used to make 
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these measurements, and although 
the temperatures recorded were 
probably slightly less than actual, it 
was believed that adequate compari- 
son was furnished by these read- 
ings. 

During the period 1922 to 1924 a 
comprehensive study of heat trans- 
mission through building materials, 
including glass, was carried on by H. 
Kreuger and A. Eriksson‘ of the 
Academy of Engineering Science 
at Stockholm, Sweden. A square 
room situated in the approximate 
center of a large, heated, and well- 
insulated space was used for the 
various tests. One wall of this 
room was fixed in position while 
the other three were made remcv- 
able and replaceable by the three 
panels of the particular construction 
to be tested. In order to provide 
natural circulation, cooling was ac- 
complished by refrigeration coils 
placed at the top of the room. The 
removable walls of the cold room 
are shown in Fig. la at A, B, and 
C, respectively. 

Each of the hot boxes, as shown 
in Figs. la and 1d, was placed with 
its open side against the center of 
one of the three wall panels to be 
tested, air-tight contact being ob- 
tained by means of a rubber gasket. 
The walls of the hot box consisted 
of two layers of wood with insulat- 
ing felt between to minimize the 
heat loss and to facilitate tempera- 
ture control. The heating coils 
were placed near the bottom of the 
box with two fans directly in front 
of them. The motor driving the 
fans was placed outside the box so 
as to minimize the effect on the 
temperature inside the box. For 
protection against direct radiation 
a shield was placed between the 
heaters and the test wall. The air 
inside the hot box was kept at the 
same temperature as that of the sur- 
rounding room so as to eliminate 
heat flow to or from the hot box 
except that through the test wall, 
and this amount of heat was readily 
obtained from  voltmeter-ammeter 
readings. While fan circulation was 
used for the inside of the hot box, 
only natural air circulation was used 
for the cold room wall surface ex- 
posed outside the hot box. The 
fans were then run at a speed to 





‘Investigations of Heat Transmission Through 
Various Building Constructions, by H. Kreuger 
and A. Eriksson. (Report of the Royal Acad 
emy of Scientific Research—Theses No. 7 and 
36, Stockholm, Sweden.) 
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Journal Section 
give a temperature distribution at 
the wall surface inside the hot box 


the same as that at the surface out- 
side the box. 


Fan circulation was also provided 
in the cold reom in order to main- 
tain as nearly uniform temperature 
distribution as possible. Fig. 1b 
gives two sectional views of the cold 
room and shows the points at which 
temperature observations were 
made. Thermometer K, was placed 
in contact with the wall surface, 
and the other thermometers at vary- 
ing distances from the surface. Ex- 
periments showed that the mean 
temperature occurred at a distance 
of 49 in. from the floor, at which 
elevation all thermometers 
except K, and K, were 
placed. The circulating 
fan is shown in the plan 


2" INSULATION 
I INSULATION 


couples were then placed in posi- 
tion, and the electrical heaters were 
put into operation for 24 hours or 
more until conditions became con- 
stant. Once established, all tem- 
peratures were kept as nearly con- 
stant as possible, and complete 
observations made hourly over a 
period of at least 8 hours. 

In 1926 F. B. Rowley,® at the 
University of Minnesota, conducted 
a series of experiments employing 
the hot box method of testing to 
determine the best spacing for dou 


a 
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section located 49 in. from 











both the floor and test 
wall, delivering air at an 
angle of 45 deg. 

The location of the five 
thermometers placed in a 
vertical plane in the hot 
room is seen in Fig. le. 
As in the case of the cold 
room the mean tempera- 
ture occurred at a height 
of 49 in. above the floor. 





























Therefore, four thermom- 








eters were placed at this 
elevation above the floor 
to give the horizontal tem- 
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perature variation. In 
cases where the tempera- 
tures of the test wall sur- 
faces were measured with 
thermometers, a type of instrument 
with a flattened bulb was used. The 
bulb was placed in a shallow de- 
pression in the wall surface, the 
depth of which was half the thick- 
ness of the bulb, and the exposed 
surface of the bulb was then cov- 
ered with plaster of Paris. The 
bulbs of the thermometers used for 
measuring air temperatures were 
surrounded with paper shields to 
avoid radiation effects ; it was found, 
however, that the shields made 
practically no difference in the read- 
ings of the thermometers. Thermo- 
couples were used to measure tem- 
peratures inside the hot box. 

After the test walls were placed 
in position as sides of the cold room, 
the room was then cooled to about 
zero degrees Fahrenheit. The hot 
box, thermometers, and thermo- 





Fig. 2—Sectional view of hot box used by Rowley 


ble glazed windows. Fig. 2 shows 
a sectional view of the hot box and 
the wall section in place, indicating 
the location of the 8 heating ele 
ments used in the inner box and a 


like number in the outer box. The 


heating elements were distributed 
with the greatest number near the 
bottom, the location of the element: 
heing determined by experiment 1) 
order to get as nearly uniform ten 
perature distribution as possibli 
throughout the two boxes. In o1 
der to maintain uniform tempera 
tures throughout the boxes two 8-1! 


fans were installed in each box, as 


shown; and further, thermostat: 
control was used to maintain tl 
hot box temperature. The fans { 
the inner box were driven by 

2 SSome Results of Heat Transmission ! 


search, by F. B. Rowley. (ASHVE Trans’ 
tions, Vol. 32, 1926, p. 199.) 
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Fig. 3—Cross section of apparatus used by Car 
externally mounted motor and run boxes. To determine the air tem cork plastered on the inside, and a 


slow enough to maintain uniform 
temperature over the test surface 
and yet have practically still air con 
ditions. 

The air temperature on the cold 
side of the test specimen was main 
tained by an ammonia compression 
refrigerating machine by direct ex 
pansion into piping in the cold 
room. However, it was difficult to 
obtain sufficiently accurate tempera 
ture control by use of the expansion 
valves alone; therefore, a small 
thermostatically controlled heating 
unit was installed. The refrigerat- 
ing machine was set to give temper- 
atures slightly lower than required 
and the heating unit was set for the 
final control. 

All temperatures were measured 
by copper-constantan thermocouples 
and a potentiometer. During the 
period that the test specimen was 
being brought to constant tempera 
ture conditions a recording poten- 
tiometer was used, but after the test 
was started all readings were taken 
with a precision potentiometer. The 
arrangement of the thermocouples 
was as follows: One group of five, 
centrally located 2 in. from each of 
the inside surfaces excepting the 
test panel surface, was used to meas- 
ure the air temperature of the inner 
box. A second group of five coup- 
les, each centrally located 2 in. from 
the outer surface of the sides of the 
inner box, was used to measure the 
air temperature in the outer boxes. 
These two groups of couples were 
then used in balancing the tempera- 
tures of the inner and outer hot 
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peratures on the hot and cold sides 
of the test wall, a° group of five 
couples was placed in the inner hot 
box 6 in. from the test surface, and 
another group of four thermocoup 
les was placed in the cold room also 
6 in. opposite the test surface. The 
thermocouples were so arranged 
that their temperatures could be 
read separately or in groups; that 
is, the average temperatures in the 
imner hot box, the average tempera 
tures in the outer hot box, or the 
average temperatures of the air on 
either side of the test section could 
be obtained from a single reading 
Other thermocouples were used to 
determine surface temperatures of 
the test specimen or any other tem 
peratures required. 

A paper® was prepared from data 
collected in 1932 by the Pittsburgh 
Testing Laboratory on the rate of 
heat transmission through single- 
and double-glazed windows. The 
hot box method of testing was em 
ployed in this work also, a cross 
section of the apparatus being shown 
in Fig. 3. The apparatus consisted 
of a cold room in which outdoor air 
conditions were simulated, and a 
warm room which contained the 
guarded enclosure where the indoor 
air conditions were reproduced. The 
test specimen served as the divid- 
ing partition between these two 
rooms. 

The walls, floor, and ceiling of the 
cold room were constructed of 8-in. 


*Heat Transfer Through Single and Double 
Glazing, by M. L. Carr, R. A. Miller, Leighton 
Orr and Alan C. Byers. (ASHVE Transat 
tions, Vol. 44, 1938, p. 471.) 


cork insulated vestibule with refrig 
erator doors provided access when 


the open end of the room was closed 


by the test panel The cooling 
system consisted of four independ 
ent compressor units, each cor 


nected to its own cooling coil located 
in the cold room, the total capacity 
of the system being sufficient 

maintain a cold room temperatur 
of 30 F 
of similar construction was mounts 


The warm room made 


on casters to permit its removal 
from the cold room during the 
stallation of a test specimen 
flexible system of electrical heating 
was controlled either automaticalls 
by a mercury thermostat or manu 
ally, as desired. Both the warn 
and cold rooms were provided wit! 
fans for air circulation, electri 
lights, electric outlets, and connec 
tions for thermocouples and tel 
phones. The guarded enclosure 
shaped like the frustum of a four 
sided pyramid, had its large open 
end of the same size as the windows 
to be tested, and was fastened wit] 
a calked air-tight joint to the wood 
frame in which the test specimer 
was installed. The walls were of 
double insulated construction, and 
contained about 50 differential 
couples in series threaded throug! 
the walls, with approximately on 
couple in each 2 sq ft of the inside 
and outside wall surfaces. Th 
guarded enclosure was provided 
with its own set of heaters, shielded 
from the test panel, fans and lights 
and the electric input to all thes 
appliances was measured 
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Table 1—Transmittance Coefficients for Flat Glass and Windows 





Zaame. 
‘OEFF. RE 
Rer. | AUTHOR- U No. Anna 
No. ITY 4 Bru/Hr/_ |SuHeers AIR DESCRIPTION TEMP. VEL. TEMP. VEL 
So Fr/Dec F| Giass | Space TOTAL Test 
eee: Bae 16 Sq Ft 4 Lights Metal Sash | Still Air Still Air 
2 | H&H| 1.10 4 25 Sq Ft 4 Lights Wood Sash Still Air Still Air 
; | Ss | 1.19 1 4 Ft 2% In. x 20 Lights 12” x 18’—'/4" Rough Wire| Still Air | 7 Mph | 
| | 7 Ft 9% In. Glass—Solid Rolled Steel Sash | 
4 | | 1.06 1 4Ft 2% In. x Same as (3) except for Wood Sash Still Air | 7 Mph | 
| 7 Ft 9% In. 
5 | 1.10 1 4 Ft 2% In. x Same as (3) except for Hollow Metal] Still Air | 7 Mph | 95.0 
| 7 Ft 9% In. Sash 
6 | 0.85 2 +) 4 Ft 2% In. x 20 Lights 12°x18’—Outer Glass '/,” Still Air 7 Mph 95.0 
} 7 Ft 9% In. Wire — Inner Glass 4%" Plate—Solid 
| Steel Sash | 
, 0.94 2 44° 4 Ft 2% In. x 20 Lights 12°x18"—Outer Glass "| Still Air | 7 Mph 95.0 
| 7 Ft 9% In. ib—Inner Glass %" Plate—Solid! 
Steel Sash 
S 0.58 2 5%” 4 Ft 2% In. x 20 Lights 12°x18"—Outer Glass '/,” Still Air | 7 Mph 95.0 
7 Ft 9'% In. Wire—Inner Glass D. S. Plate 
| Wood Sash 
if) | 0.63 | 2 4° 4 Ft 2% In. x | Same as (6) except for Hollow Metal] Still Air 7 Mph 95.0 
ee sale 7 Ft. 94% In. Sash = 
“10 | K&E | 1.02 l | 1.2 M? 1.0 M? | Plain Glass | 65.7 3.1 |Nat. Circ) 31.3 
| (12.9 Ft?) | (10.8 Ft?) | 
11 | 0.63 2 None | 1.2 M? 1.0 M? Plain Glass 68.0 —0.4 |Nat. Circ.) 33.8 
| (12.9 Ft?) | (10.8 Ft?) 
12 0.53 2 1 Cm. 1.2 M? 1.0 M? | Plain Glass | 68.0 3.5 |Nat. Circ 32.3 
(0.394") | (12.9 Ft?) | (10.8 Ft?) | 
! “a i ’ . es * a 7 
13 | 0.49 2 1Cm. | 1.2 M? 1.0 M? | Asabove with 1M? Spacing Frame Be-| 69.0 : —4.7 jNat. Cire.| 32.2 
(0.394") | (12.9 Ft?) | (10.8 Ft?) | tween the Glass Lights o } 
i4 0.51 2 1Cm. | 1.2 M? 1.0 M? | Same as (13) except with 4 Vertical) 68.9 EE 4.9 (Nat. Circ.) 32.0 
(0.394") | (12.9 Ft?) | (10.8 Ft?) Dividing Rods Nn | 
15 0.51 2 1 Cm. 1.2 M? 1.0 M? | Same as (13) except with 4 Horizontal) 68 4 ~ 5.8 |Nat. Cir 31.3 
| (0.394") | (12.9 Ft?) | (10.8 Ft?) | Dividing Rods s | | 
16 0.47 2 10 Cm. | 1.2 M? 1.0 M? Plain Glass 644 = 14 |Nat. Cir 32.9 
3.94" (12.9 Ft?) | (10.8 Ft?) | e} | 
17 | 0.45 2 10Cm. | 1.2 M? 1.0 M? Same as (16) with 1M? Spacing Frame; 68 0 E 2.7 |Nat. Circ.) 32.9 
3.94") | (12.9 Ft?) | (10.8 Ft?) | Between the Glass Lights So 
18 0.45 2 10 Cm 1.2 M? 1.0 M? | Same as (17) with 4 Vertical Dividing) 64 8 Ea 0.8 |Nat. Circ 32.0 
| (3.94°) 12.9 Ft?) | (10.8 Ft?) Rods a= 
19 0.45 2 10Cm. | 1.2 M? 1.0 M?_ | Same as (17) with 4 Horizontal Divid-| 68.0 a8 1.8 jNat Cire.) 34.9 
(3.94") | (12.9 Ft?) | (10.8 Ft?) | ing Rods E-s 
20 | 9 28 3 5Cm. | 12M? | 1.0 M? | Plain Glass 68.4 | ‘36 2.9 |Nat. Cire] 32.7 
(1.97") | (12.9 Ft?) | (10.8 Ft?) >e 
| — , 2 3 eres 
1 0.22 4 3.3Cm. | 1.2 M? 1.0 M? | Plain Glass 67 8 ot 7.8 |Nat. Circ 10.0 
(1.31") | (12.9 Ft?) | (10.8 Ft?) On 
22 0.77 1 1.3 M? 1.0 M? | 9 Lights 40Cm.x 40Cm.—WoodSash| 66 2 Ze 0.9 |Nat. Circ.) 32.5 
| 14.0 Pt?) | (10.8 Ft®)| (15 34" x 15%") ES 
23 1.26 1 1.3 M? 1.0 M? | 9 Lights 40 Cm. x 40Cm.—Wood Sash} 62.4 ge 6.8 |5.6Mph| 34.6 
(14.0 Ft®) | (10.8 Ft?) | = (1534" x 1534") yon 
| ? 2? vo — | 
24 0.57 2 | 2Mm 1.3 M? 1.0 M? 9 Lights 40 Cm. x 40 Cm.—Wood Sash| 66.7 23 4.7 |Nat. Cire.) 31.0 
(0.079") | (14.0 Ft?) | (10.8 Ft?) (1534" x 1534") AS 
25 0.83 2 | 2Mm 1.3 M? 1.0 M? | 9 Lights 40 Cm.x40Cm.—Wood Sash} 67.1 | = | —3.3 |5.6Mph| 31.9 
(0.079"} | (14.0 Ft*) | (10.8 Ft?) (1534" x 1534") rl. aa E 
26 0.59 2 2Mm | 1.3 M? 1.0 M? | 9 Lights 42 Cm. x 42 Cm.—lIron Sash; 68.0 rT ) —2.7 |Nat. Circ 32 7 
| | (0.079") | (14.0 Ft®) | (10.8 Ft?) (16'14" x 1614") 2 
27 0.47 3 2 Mm 1.3 M? 1.0 M?_ | Same as (22) 67 5 ge -3.1 |Nat. Cire.| 32.2 
(0.079") (14.0 Ft?) | (10.8 Ft?) es 
28 0.63 3 2Mm | 1.3 M?* ‘ 1 0 M2 | Same as (22) 67.6 -) 2.9 5.6 Mph | 32.3 
| (0.079") | (14.0 Ft®) | (10.8 Ft?) | z 2 
- saiiieadl ecteatie Awertcnrtpaind ares a ail a Wi IE ok a 
29 0.42 2 | 3.5 Cm. 1.3 M? 1.0 M? Same as (22 65.8 | -0.9 |Nat. Circ 32.5 
| (1.38") (14.0 Ft) | (10.8 Ft?) 
30 0.39 2 | 10Cm. | 1.3 M? 1.0 M? | Same as (22) 67.3 -2.9 |Nat. Cire.| 32.2 
| (3.94") (14.0 Ft?) | (10.8 Ft?) 
31 0.51 2 10 Cm. 1.3 M? 1.0 M? Same as (22) 66.2 2.7 |Nat. Cire 31.8 
% (3.94") (14.0 Ft?) | (108 Ft?) Ps; ee 
32 x. oe ee | 25Sq Ft | 9Sq Ft | Plain Glass oto eee ° 4.0 ~ 42.1 
: ENS ata 8 bese. Sage 2 anseehe eek ace 
33 , oa xk ig" 25Sq Ft | 9Sq Ft | Plain Glass 77.5 z 10.3 z 43.9 
34 0.59 2 “" 25 Sq Ft 9 Sq Ft Plain Glass 80 6 o —11.5 S 46.0 
35 0.57 2 34° 25 Sq Ft 9Sq Ft | Plain Glass 80.1 x c -15.2 Te 47.6 
- ———— —-- ——- - - 26 _- 20 
36 | 0 50 Re ¥," 25 Sq Ft | 9Sq Ft | Plain Glass 80.3 | fa 14.3 Be 47.3 
| 7 #23 #2 
37} 0.49 of %”" 25 Sq Ft 9Sq Ft | Plain Glass 78.9 | ep 13.7 ee 46.3 
38 | O47 | 2 | %* | 25Sq Ft | 9Sq Ft | Plain Glass 7.5 | 30 14.3 3° 16.9 
ay | a. ToT | “ TE x —| § 
39 | 049 | 2 | 1 | 25SqFt| 9SqFt | Plain Glass 80.5 = 1.3 - 10.9 
_ _ = aa ea a Cee - -_ le Os ities | ‘ol .| _ 
| | ~~  & | a 
40 | O49 | 2 | 1% | 25Sq Ft | 9Sq Ft | Plain Glass 79.8 gz 10.8 , ie Be, 
- at Eee —__————-|- ————$—$ | = — @, 2 a, = 
41 | 0.49 2 2° | 25SqPt | 9Sq Ft | Plain Glass $1.5 | &2 |—02 B42 | 40.8 
“o) | 6: -)-@ 2," | 25Sq Ft | 9Sq Ft | Plain Glass 30.5 | 02 | 40.4 
1—See footnote on next page. __ te ae ee a a ae ee = 3 FE Ra ee 
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Table 1 (Continued) 





Transmittance Coefficients for Flat Glass and Windows 





Grass Ser Up 











TRANS. ae: ————— “ 
Rer. | AuTHOR-| — | No. = Ansa vie 
No. ity | Bru/Hr/ (|Sueers Ar DESCRIPTION 
So Fr/Dec F| Grass | Space Tora Tes! 
“3 PTL. | yo 10 oat 7 | 7 Ft 4% In. Sq 36 Lights Steel Sash 
“4 099 1 : in 7 Ft 4% In. Sq Same as (43) except for 9 Lights 
wT: — 7. 2 Vy 7 Ft 4% In. Sq 36 Lights Steel Sash 
“6 0.60 2 ; Var : 7 Ft 4% In. Sq Same as (45) except for 9 Lights 
“47 “0 65 2 yy” 7 Ft 4% In. Sq Same as (45) except for 9 Lights 
“3 te 0 56 -A “2 a" 7 Ft 4% In. Sq Same as (45) except for 9 Lights 
49 0.55 7 2 A" 7 Ft 4% In. Sq Same as (45) except for 9 Lights 
50 j 0 4 2 5° 7 Ft 4% In. Sq Same as (45) except for 9 Lights 
A—Allen E—Kreuger & Eriksson 


H & H—Hammond & Holmberg 
S—Sheldon 


Temperature measuring apparatus 
consisted of 48 copper-constantan 
thermocouples, 24 in the cold room 
and 24 in the warm room and 
guarded enclosure. Terminal boxes 
for the thermocouples were per- 
manently installed in the two rooms, 
and cables led from these boxes to 
selector switches on an instrument 
bench. The electrical input was 
measured by an integrating watt- 
hour meter, an indicating wattmeter 
serving as a check. Light threads 
were used to determine the loca- 
tion and direction of air move- 
ment, while a Kata thermometer 
was used to measure the velocities 
produced by the fans. Humidity, 
which was partially controlled by 
silica gel, was measured by a mer- 
cury thermometer type of hygrom- 
eter and by a set of wet and dry 
junction thermocouples placed in an 
air current. 

The watt-hour meter was read 
after thermal equilibrium had been 
established, at half-hour intervals 
throughout the five-hour duration 
of the test, and at the end; while 
temperatures were measured six to 
eight times during the test. The 
warm room was maintained at ap- 
proximately 70 F, and the cold 
room at some definite temperature 
between —30 F and 60 F, the cold- 
est test being run first in any series 
of tests on any particular test speci- 
men. Temperatures were measured 
at points opposite the center of each 
window light at a distance of one 
inch from the surface of the glass 
on both the warm and cold sides. 
Temperatures were also measured 
at a number of other points in the 
cold room, the guarded enclosure, 
and the warm room, at least one 
mercury thermometer being placed 


owley 


P.T.L.—Pittsburgh Testing Laboratory 


in each. Following each test, all the 
temperature readings of each ther- 
mocouple after equilibrium had been 
reached were averaged and the av- 
erages used in the computations. 


Discussion of Results 


The heat transmittance coeffi- 
cients for plain glass, and glass as 
used in various window arrang: 
ments, are listed in Table 1, whict. 
includes a reference number, the au- 
thority, the heat transmittance co- 
efficient, the glass set up (including 
the number of sheets of glass, air 
space thickness in the multiple- 
glazed cases, the total and test 
areas of the test panel, the descrip- 
tion of the glass set up), the hot and 
cold side temperatures and veloci- 
ties, and the mean temperature of 
the test. 

An inspection of the table will 
show the heat transmittance coeffi- 
cient values for single glass used as 
a single pane not glazed in a sash 
to be 1.02 (10)* and 0.89 (32) Btu 
per square foot per hour per degree 
Fahrenheit, as compared with a cal- 
culated value of 0.74 based on a 
film conductance coefficient for 
still air as given by Rowley.* Both 
of the values in this table were ob- 
tained under conditions nominally 
designated as normal air circula- 
tion. In the first case a fan was 
employed on the hot side and nat- 
ural air circulation on the warm 
side; whereas in the second case, 
fans were used on both sides of 
the glass being tested. The exact 


tA parenthesized number designates the ref 
erence number in Table 1. 

"Surface Conductances as Affected by Air 
Velocity, Temperature and Character of Sur- 
face, by F. B. Rowley, A. B. Algren and J. I.. 
Blackshaw. (ASHVE Transactions, Vol. 36, 
1930, p. 429.) 
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Hor Sipe Corp Sipe 
: oe. | ‘Mean 
Temp 
TE MP Ver Temp Vel F 
70.0 2.18Mpl 0 0.66 Mpl 0 
70 0 (2.18Mph 0 0.66 Mp! 5.0 
70.0 (2.18Mph 0 0.66 Mpt 5.0 
70 0 2.18Mph 0 0.66 Mp! 5 0 
704 2.18Mph'—29.0 | 0.6 Mph 207 
71.6 (2.18Mpl 31.0 0.66 Mp! 20 
70.2 2.18Mph 09 | 0.66 Mp! M4 


70.2 |2.18Mph 0.1 0.66 Mp! 35.0 





velocities were not reported and 
may, to some extent, account for 
the difference in the heat transmit 
tance values obtained. Further, a 
difference in methods employed to 
obtain the results may also account 
for some difference in the values 
resulting. The first method em 
ploys the large test room as a guard 
space; while the second method 
makes use of a guard box surround 
ing the hot box; the greater difh 
culty in maintaining constant tem 
perature conditions in a large test 
room than in a small guard box is 
readily recognized as a possible 
source of error in the former 
method. 

The heat transmittance coeffi 
cients for single-glazed windows in 
stu per square foot per hour per 
degree Fahrenheit, with nominal 
still air conditions prevailing on 
both sides of the window, were 
found to be as follows: 0.64 (1) 
for a window of four 20 x 29 in 
lights set in metal sash; 1.10 (2) 
for a window of four 30 x 30 in 
lights set in metal sash; and 0.77 
(22) for a window of nine 1534 x 
1534 in. lights set in wood sash 
The test areas of these windows 
were 16, 25, and 10.8 sq ft, respec- 
tively. The coefficients for single 
glazed windows with the conditions 
of air motion being other than still® 
are as follows: 1.06 (4), (0 mph, 
7 mph) for a window of 20 lights, 
each 12 x 18 in. set in wood sash; 
1.19 (3), (0 mph, 7 mph) for the 
window of 20 lights set in solid 
rolled steel sash; 1.10 (5), (O mph, 
7 mph) for the window of 20 lights 
set in hollow metal sash; 1.26 (23), 


*The velocities in the parentheses represent 
those on the warm and cold sides of the wir 
dow, respectively 
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(O mph, 5.6 mph) for the window 
of 9 lights set in wood sash; 0.99 
(44), (2.18 mph, 0.66 mph) for 
the window of 9 lights set in steel 
sash. As is readily apparent, the 
results reported above vary over 
quite a range, being inconsistent 
with one another. It would seem 
that the variation in methods and 
velocities used would probably be 
responsible for this inconsistency ; 
however, all attempts to reduce the 
above values to some common con- 
ditions of air movement did not re- 
sult in more uniform values for the 
coefficients. 

The heat transmittance coefficients 
in Btu per sq ft per hr per deg F 
for double glass having an air space 
of approximately ™% in., and with 
normal air circulation conditions on 
both sides of the windowi are 0.53 
(12), 0.49 (13), and 0.50 (36), 
indicating that the difference in the 
methods employed in _ obtaining 
these results has but small effect 
upon the values. This is, of course, 
due to the fact that in double glaz- 
ing the air space conductance, which 
remains constant for varying out- 
side and inside air velocities is quite 
an important factor in the determi- 
nation of the transmittance coeffi- 
cient. Thus, variations in the air 
velocity on either side of a double- 
glazed arrangement for different 
testing methods will not greatly af- 
fect the results obtained, whereas, 
in the case of a single-glazed ar- 
rangement the heat transmittance 
coefficient is subject to any small 
variations in air velocity. 

The magnitude of the effect of 
sash material and muntin shape and 
arrangement on heat flow through 
double-glazed windows is indicated 
by the results of tests (6), (8), and 
(9). These three tests were con- 
ducted in practically similar manner 
except for slight variations in air 
space and in the type and thickness 
of the glass used in the windows. 
However, since the air spaces used 
are either 5¢ in. or 3% in. between 
which there is very little difference 
in conductance, and since the thick- 
ness of the glass is relatively unim- 
portant in the final determinations 
of the transmittance coefficients, the 
results obtained present a good rela- 
tive indication of the effect of sash 
material and muntin shape and ar- 
rangement on double-glazed ar- 
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Fig. 4—Relation between heat transmittance coefficients in Btu/sq ft/hr/F and air 
space in inches, as determined by three investigators 
1) Kreuger and Eriksson—plain glass; still air both sides 


2) Rowley—plain glass; sti air bh sides 


3) Pittsburgh Testing Laboratory—9 light steel sash window; hot side, 2.18 mpb; cold 


side, 0.66 mph 


rangements. The values obtained in 
Btu per square foot per hour per 
degree Fahrenheit are as follows: 
0.85 (6) for the solid steel sash 
window, 0.63 (9) for the hollow 
steel sash window, and 0.58 (8) for 
the wood sash window. 

The heat transmittance coeffi- 
cients presented in (13), (14), and 
(15) are for double glass with a 1 
cm (0.39 in.) air space, and square 
wood frame inserted between the 
glasses. In tests (14) and (15) 
there are, in addition to the frame, 
4 horizontal and 4 vertical wooden 
rods, respectively, equally spaced 
through the air space between the 
glass lights. The heat transmit- 
tance coefficients given for tests 
(17), (18), and (19) are for ar- 
rangements similar to those of (13), 
(14), and (15) except that the air 
space in the latter tests was 10 cm 
(3.94 in.). The heat transmittance 
coefficients obtained for the first 
three arrangements, in Btu per 
square foot per hour per degree 
Fahrenheit, are 0.49, 0.51, and 
0.51, respectively, indicating a 
very small increase in heat transfer 
through the double-glazed arrange- 
ment due to the addition of the 
wooden rods to the wooden frame. 
By calculation there is a greater 
heat transfer through a 1 cm thick 
wooden rod than through a 1 cm 
air space; therefore, the addition of 
the wooden rods should tend toward 
the increase shown. The heat trans- 
mittance coefficients obtained for the 
latter three arrangements with the 
10 cm air space are all 0.45, indi- 
cating no change in the heat trans- 
fer caused by the addition of the 
wooden rods. Since a 10 cm thick 
wooden rod is a poorer heat trans- 


fer medium than a 10 cm air space, 
one would expect a decrease in the 
coefficient with the addition of the 
wooden rods. However, there is 
probably a convection effect set up 
between the lights of glass in the 
case of the 10 cm air space arrange- 
ment which tends to increase the 
heat transfer over that of the 1 cm 
air space arrangement. This in- 
crease as a result of convection op- 
poses the decrease in heat transfer 
due to the addition of the wooden 
rods, and experimental evidence 
seems to show that these two oppo 
site effects balance each other in the 
case of the 10 cm air space. 

In Fig. 4 is seen the variation of 
heat transmittance coefficients, in 
Btu per square foot per hour per 
degree Fahrenheit, for double- 
glazed arrangements with air space 
in inches, as determined by three 
different investigators. Curves 1, 
2 and 3, the results of data gath- 
ered by Kreuger and _ Eriksson, 
Rowley, and Pittsburgh Testing 
Laboratory, respectively, all indicate 
a decrease in heat transfer with in- 
creasing thickness of the air space. 
The rate of decrease is rapid for 
small air spaces, and decreases as 
the thickness of the air space in- 
creases so that a large part of the 
insulating effect is realized when the 
air space reaches 4 in. A further 
small decrease in heat transfer is 
had for air spaces of from ™%4 in. 
to % in. in thickness with little 
effect thereafter. This would indi- 
cate little advantage in air space 
greater than ™% in., while the prac 
tical problem of installing glass in 
sash seems to limit double-glazing 
to an air space of about % in. 


Curves 1 and 2 of Fig. 4 were 
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obtained for plain glass with still 
air conditions prevailing on both 
sides of the double-glazed arrange- 
ment, while curve 3 is for double- 
glazed steel sash with 2.18 and 0.66 
mph velocities prevailing on the hot 
and cold sides, respectively. This 
latter curve shows the highest heat 
transmittance coefficients of the 
three curves. 

Fig. 5 shows the variation of heat 
transmittance coefficients with in- 
creasing multiple-glazing and with a 
constant distance of 10 cm between 
the outermost panes. The curve in- 
dicates a decreasing heat transfer 
with increased glazing up to quad- 
ruple-glazing, showing that four 
thicknesses of glass in a particular 
space of 10 cm are the optimum 
number of lights one might employ. 


Conclusions 


The results of the several studies 
cited indicate transmittance co- 
efficients varying over a_ wide 
range. These variations cannot be 
satisfactorily correlated with pecu- 
liarities in installation such as: The 
thickness and size of the glass lights ; 
the number of sheets glazed in a 
single light; the material of which 
the sash is made; and the shape, 
size, and arrangement of the muntin 
strips. Nor can they be correlated 
with such test conditions as the 
actual air velocity over the surface, 
the method of heat input, the size 
of the panel tested, and the location 
and the method of temperature 
measurements. 

As a result it may be concluded 
that the data now available are in- 
adequate and inconclusive for prac- 
tical usage. These studies do, how- 
ever, serve as a basis for outlining a 
future and more comprehensive 
study of the entire subject. Such a 
future study should first include the 
acceptance of rigid test specifications 
governing the test arrangements 
mentioned previously, and should 
also include care in making such a 
study in order to take into account 
the effect of the various factors con- 
cerned with the glass installations 
in the window as mentioned before. 

Such a set of test .specifications 
which, in light of experience should 
be fashioned around the guarded 
hot box method, might well include 
the following : 


1. The guard box, hot box, and cold 
box construction and assembly. 
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Fig. 5—Relation between heat 

transmittance coefficients in 

Btu/sq ft/hr/F and number of 

thicknesses of glass for multiple 
glazing 

The distance between the outermost 

panes of glass is 10 cm (3.94 in.) 


2. The preparation and placing of the 
test panel. 

3. The heating and cooling equipment, 
including the type of equipment and the 
position of same in the respective boxes. 

4. Temperature measurement, including 
the method to be used, the number and 
locations of the temperature measuring 
devices, and the accuracy to be obtained. 

5. The mean temperature and tempera 
ture range of the tests. 

6. The method of providing air move 
ment and the place and method of measur- 
ing the same. 

7. The method of measuring the heat 
supplied to the guard box 

8. A complete description of the win- 
dow being tested. 





PRE-SEASON GET-TOGETHER 
AT WASHINGTON, D. C. 


The annual pre-season round-up 
of the Washington, D. C. Chapter 
of the Society was held at O’Don- 
nell’s Farm, Md., on September 17, 
and 35 members and guests enjoyed 
dinner with all the trimmings. An 
electric organ provided accompani- 
ment for the usual barrack room 
ballads. 

Following dinner all participated 
in a variety of games including 
horse racing, poker, dart throwing 
and barnyard golf. Private enter- 
prise showed that it could still hold 
its head high in any company when 
William Hannigan turned in the 
most stage money at the conclusion 
of the festivities with Mr. Gates as 
runner-up, and both received suit- 
able recognition of their skill. 

I. M. Day, chairman of the enter- 
tainment committee, and G. R. 
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Walz, who assisted him, were re 
sponsible for the success of th 
party. 

Pres. F. A. Leser officially ce 
clared the affair adjourned at 10:30 
p. mi. 

DEFENSE HOUSING 

On October 14, the first annive: 
sary of the government defense 
housing program authorized by the 
Lanham Act, Federal Works Ad 
ministrator |. M. Carmody an 
nounced more than 100,000 defense 
homes completed, under construc 
tion or in the pre-construction stag« 

The record shows: a total of 
28,000 homes completed and already 
occupied or available for occupancy ; 
approximately 64,000 more homes 
under construction; an additional 
10,547 homes in the pre-construc 
tion stage. 

The more than 100,000 homes 
provided for to date are divided 
among 371 defense housing con 
struction projects in 41 States, the 
District of Columbia, Puerto Rico 
Alaska, Hawaii and the Canal Zone 

Total estimated cost of the 371 
projects is $397 847,000. Of the 
projects approved, 157 are to house 
the workers employed in defense in 
dustries and commercial shipyards 
The remaining 214 projects are tor 
army and navy enlisted and civilian 
personnel, of which 75 are for ait 
ports, 66 for army forts, camps and 
depots, 41 for navy yards and navy 
stations, and 32 for ordnance and 
powder plants, arsenals and proving 
grounds. 


INDUSTRIAL HYGIENE 
FOUNDATION MEETING 


The sixth annual meeting of the 
Industrial Hygiene Foundation will 
be held November 12 and 13, at 
Mellon Institute, Pittsburgh, Pa 
The theme of the meeting will b 
“Defend the Defense Worker,” ac 
cording to an announcement of H 
B. Meller, managing director. Dur 
ing the two-day conference 21 pa 
pers will be presented and among 
the questions to be discussed are the 
following : 

How can industry reduce sick absences 
which claim millions of manhours yearly 

What are the most frequent health 
hazards? How can they be controlled 

What is the role of employee health in 
industrial relations? 

What are the current legal trends, es 
pecially compensation for tuberculosis 
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An Improved Method of Evaluating 





Dust Leakage from Air Filters 


By L. K. Acheson* and H. A. Shumaker**, North Canton, Ohio 


Introduction 


UST leakage from air filters 

has received much consid 

eration in recent years and 
numerous methods of leakage evalu 
ation have been proposed by various 
investigators. A quick and precise 
method of dust leakage evaluation 
that is designed to be as free from 
personal judgment as possible is de 
scribed herewith. Outstanding fea- 
tures of the method are as follows: 

1. Measurement of dust leakage ob 
tained is that of total leakage of the filter 
rather than that obtained by sampling 
only a small portion of the dusty air 
stream. 

2. The results are not affected by 
variations in dust concentration in the 
room air since the incoming air is 100 
per cent cleaned by an electrostatic pre 
cipitator. 

The human factor is almost en 
tirely eliminated since the method does 
not involve weighing of dust leakage 
samples of extremely small magnitude. 

t. Only downstream readings are re 
quired for the complete test of a filter. 

5. The dust injector is sealed within 
the unit and therefore is not subject to 
errors due to leakage of atmospheric dust 
from the room air. 

In particular, the test method and 
apparatus to be described were de- 
veloped for testing vacuum cleaner 
bags which normally handle ordi 
nary house dirt; however the pro- 
cedure outlined is equally applicable 
for tests of any other type of dust 
filter. The method is based pri 
marily upon the discoloration of a 
porous white Lintine target, the 
amount of discoloration being meas 
ured by photo-electric means. While 
the discoloration method has been 
used in the past by other investiga- 
tors' the present method incorpo- 
rates several innovations which to 
the authors’ knowledge have here 
tofore not been used. 

The discoloration method was 

*Engineering Laboratories, The Hoover Co 


**Engineering Laboratories, The Hoover Co 
‘A Test Method for Air Filters, by R. S 


Dill. (ASHVE Trawsactions, Vol. 44, 1938, 


p. 379.) 
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chosen over the more commonly 
known ASHVE weight method be 
cause in this particular application 
it was known that the amounts of 
dust leakage to be measured would 
be extremely small and _ therefore 
any weight measurements would not 
only involve considerable time but 
also would be of questionable de 
pendability. It was specifically de- 
sired that the method adopted, in 
addition to providing precise dust 
leakage measurements, should also 
be rapid, and, as nearly as possible, 
independent of the judgment of t! 


ne 


operator. 
Description of the Apparatus 


A photograph of the test appara 
tus is shown in Fig. 1 and a sche 
matic diagram is shown in Fig. 
The test method consists of inject 
ing a known quantity of dust of 
known particle size into a clean air 
stream which flows at a _ prede 
termined rate first through the filter 
to be tested and finally through a 
porous white Lintine target.- The 


“Lintine paper (1075 grams per yard) 





Fig. 1—General view of improved apparatus for measuring dust leakage from air filt« 


entire leakage of the test filter 
collected on the Lintine target 


Room At Cleaned 


Room air enters the apparatus 
the left of Fig. 2, and pass 
through the electrostatic dust pre 
pitator. The electrical precipitat: 
a Westinghouse Precipitron, Ty; 
S 375 cim with 5/16 in. spaced Cor 
Ten Cell and an 18 in. single c 
ionizer, was made practically 1 
per cent efficient in removing 
suspended dust by operating at 
than one-fifth rated air flow capa 
ity. On leaving the electrostat 
precipitator, the dust free air pass« 
through centrifugal fan No. 1, a1 ; 
through the white check filter. | 
the electrostatic precipitator is oy 
erating satisfactorily, no discolo: 
tion of the check filter results. M: : 
tors driving the centrifugal fans 


| 
if 


the apparatus were completely «1 
closed to prevent outside air fro 
leaking into the ducts. After pass 
ing through the check filter a quai 
tity of the air is by-passed to 
dust injector. 
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Dust Injector 


An enlarged diagram of the dust 
injector system is shown in Fig. 3. 
The device is patterned after a dust 
feed unit developed by the U. S. Bu- 
reau of Mines;* however it differs 
from the device in that the incoming 
air is drawn from the electrostatic- 
ally cleaned air stream of the main 
apparatus instead of from the room 
air. In this way there is no chance 
for dusty room air to leak in to the 
system through the injector and 
thereby introduce small errors in the 
results. Referring to Fig. 3, the 
dust injector unit draws clean air 
from the main duct, through an ori- 
fice which meters the flow and 
through the small centrifugal fan 
No. 2 which forces the air down the 
large glass tube (Pyrex 35 mm 
O.D.). The air in flowing down 
through the latter tube must pass 
through a stationary four-cut brass 
spiral element which produces a cy- 
clone action in the air steam at the 
surface of the dust column. This 
cyclone action serves to pick up the 
dust particles as the dust column is 
mechanically raised at a uniform 
rate to approach the brass spiral, 
and the mixture of dust and air is 
then carried up through the small 
(15 mm O.D.) center glass tube and 
is exhausted into the main duct 
where it mixes with the clean air. 
Details of the elevating mechanism, 
which keeps the top of the dust col- 
umn constantly at the proper level, 
are shown in Fig. 3. The dust sam 
ple, usually consisting of 100 grams, 
is contained in a cylindrical glass 
cup which is forced up inside the 
outer tubing by a piston which 
makes a seal with the wall of the 

*Testing and Design of Respiratory Protective 


Devices. (U. S. Bureau of Mines Bulletin, 
No. I. C. 7086.) 





Room = __| ELECTROSTATIC 
AIR __| PRECIPITATOR 








Fig. 2—Schematic diagram of apparatus for meas- *: 
uring dust leakage from air filters 


FAN-I FILTER 





outer tubing. The piston is lifted by 
a cord and cone pulley arrangement 
driven by self-starting synchronous 
clock motors. By means of the step 
cone pulley, the piston and dust col 
umn can be elevated at rates ranging 
from 0.5 in. to 4 in. per minute. For 
most tests a rate of travel of 2 in 
per minute has been employed and 
found to be satisfactory. 


Test Chamber 


Since this particular apparatus 
was primarily adapted to testing 
vacuum cleaner bags,* the dust laden 
air could be led directly into the 
mouth of the bag which was located 
within the test chamber (Fig. 2). 
In any case, the manner and veloc 
ity with which the dust laden air 
approaches the test filter should be 
similar to the conditions of service 
Dust particles that escape from the 
test filter deposit on and serve to 
discolor the Lintine target. Pho 
tometer measurement of light trans 
mission of the discolored Lintine 
target provides a numerical index 
of dust leakage of the test filter. 


Measurement of Air Flow 


After passing through the Lintine 
target, air is forced through fans 
Nos. 3-4, enters the surge chamber, 
and is exhausted through the 
streamlined orifice which meters the 
air flow for the test. The surge 
chamber between the exhaust of fan 
No. 4 and the orifice provides 
proper air flow conditions for pre 
cise measurement. For convenience 
all gages and controls were located 
on a single panel as shown in Fig. 1 

‘For cases where it is desired to test filters 


in flat sample form a similar apparatus was built 
as shown in Fig. 6 


El ctromc Photomete 


A large number of phototube ci 


cuits have been published that could 
serve as a suitable means for meas 
Che tol 
lowing describes the application o! 
but one of the many possibilities 
rhe layout of the electronic photo 


uring target discoloration 


meter, used in measuring Luintin 
target discoloration, is shown in Fig 
4. The amount of light, emitted by 
the constant intensity light source, 
that passes through the target, strik 
ing the phototube, indicates the 
f the Lin 


opacity or discoloration « 
tine target. Naturally the more dis 
colored the target, the smaller the 
quantity of light transmitted to the 
phototube In order to facilitate 
handling, the Lintine target at tl 
beginning of the test 1s placed in a 
hinged sheet metal frame having a 


circular cut-out the exact size of the 
large end of the photometer cone 
Che frame containing the target may 
thus be quickly inserted in either 
the dust test apparatus or in_ the 
photometer in much the same way 
as in loading plates in a camera 
The photometer cone on the light 
source side is made with a reflecting 
interior surface which aids in dit 
fusing the light evenly over the en 
tire surface of the target. On the 
opposite or phototube side, a flat 
black is used on the interior surface 
of the cone. The phototube and am 
plifier unit used gave a nearly linear 
input vs. Current output character 
istic over the required range. An 
other teature of this unit was that 
the use of the amplifier resulted in a 
far greater sensitivity of dust meas 
urement than that of any previous 
method tried. Assuming the photo 
tube is dark (infinite resistance 


1] 
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the grid of the amplifier tube wi 
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Fig. 3—Detail diagram of closed circuit dust injector 


be at a negative potential with re- 
spect to the filament, as determined 
by the potentiometer adjustment 
and C battery voltage. With this 
given grid potential a certain cur- 
rent will flow in the plate circuit. If 
the phototube is illuminated, the in- 
ternal resistance drops to some 
finite value depending upon the in- 
tensity of the light, so that a cur- 
rent will flow under the influence of 
the B and C batteries, through the 
milliammeter, phototube and grid 
leak resistor. The grid leak voltage 
drop due to this current was such 
as to tend to make the grid of the 
amplifier tube less negative with re- 
spect to the filament. The decreased 
grid bias in turn increased the am- 
plifier plate current. The amount of 
increase of plate current depended 
upon the bias which in turn de- 
pended upon the quantity of light 
reaching the phototube. 

Since the light input vs. current 
output characteristic of the photo- 
tube was approximately linear over 
the range used during the tests, and 
since plate current values were only 
read from the linear portion of the 
grid voltage vs. plate current char- 
acteristic, the milliammeter readings 
of the photometer varied very 
closely linearly with the quantity of 
light transmitted through the Lin- 
tine target. 
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Fig. 4—Photometer (light transmission type) with wiring dia- 
gram for use in measuring target discoloration 


ELEVATOR ROD It was found 


that ordinary 
line voltage 
fluctuations of 
several volts out of 115, caused 
variations of the photometer lamp 
lumen output sufficient to cause 
photometer milliammeter fluctua- 
tions of as much as 20 per cent. 
A voltage regulator reducing line 
fluctuations to plus or minus 0.01 
volt overcame this difficulty. 


Selection of Standard Test Dust 


Although vacuum cleaner bags 
normally handle house dirt, the use 
of the latter medium as a standard 
test dust was not permissible be- 
cause no appreciable degree of uni- 
formity was found to exist between 
any two batches of house dirt. As 
a result it was necessary to find a 
substitute. 

Cottrell precipitate from the flue 
gases of a power plant with a per- 
centage of white sand added was 
finally chosen as the standard test 
dust since this mixture had a den- 
sity which corresponded reasonably 
well to that of house dirt and since 
it also possessed certain other desir- 
able characteristics. For example, 
by proper fractioning and mixing it 
was possible to maintain a dust mix- 
ture which was fairly consistent 
throughout; there was a minimum 
tendency to agglomerate and thereby 
give an effective change in particle 
size; the dust mixture was fairly 


























dark in color and had a large coefh 
cient of light absorption; the mix 
ture was not excessively hygro 
scopic, and its use did not involve 
any physiological hazards or danger 
from explosion. A sufficient supply 
of the Cottrell dust for a large num 
ber of tests was obtained from one 
of the power plants of the Potomac 
Electric Co., Washington, D. C. 
The sand was added to the dust 
mixture partially to simulate the 
larger dust particles normally found 
in house dirt, and partially to serve 
as a scouring medium to remove 
any traces of the Cottrell dust that 
might temporarily adhere to the 
walls of the duct system of the dust 
injector apparatus. Composition of 
the test dust is shown in Table 1. 





Table 1—Composition of Standard Test 

















Dust 
COMPOSITION 
MATERIAL | Mesu Size | Per Cenr py : 
| Wericnt 
Cottrell Precipitate..| 200-280 | 55 
280-pan 25 
White Sand.........} 65-100 10 
| 100-200 10 





epee see] 100 





Prior to selection of the Cottrell 
dust mixture as the standard tes! 
medium, other types of dust were 
tried including sieved house dirt, 
powdered coal, carbon black, pow 
dered coke, and black iron oxic 
For various reasons none of thes: 
were found to be as satisfactory a: 
the Cottrell mixture. 
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Test Procedure 


Dust for test purposes was thor- 
oughly oven-dried before use. Rate 
of dust injection, chosen so as to be 
similar to test filter operating con- 
ditions, is controlled by the rate of 
elevating the dust container tube 
which is lifted by the cone pulley ar- 
rangement. The quantity of air by- 
passed through the injector is gen- 
erally less than 5 cfm. 

By maintaining a proper balance 
of the air load between centrifugal 
fans No. 1, and Nos. 3-4, the pres- 
sure within the test chamber can be 
controlled at will for any desired air 
flow. With the test filter in place 
and the apparatus ready to operate 
except for the Lintine target, the 
fans are turned on and the entire 
unit flushed with clean air to rid the 
ducts and test chamber of room air 
leaking into the various parts during 
setup. 

The clean Lintine target is placed 


in the photometer before being 
mounted in the test apparatus. The 
grid bias is adjusted to give a fairly 
high plate current reading, as for 
example 10 milliamperes with this 
photometer. After flushing the test 
apparatus and after checking the 
clean Lintine target, it is put in place 
in the duct and the dust injector 
started. The difference between the 
clean and discolored target readings, 
at the same grid bias, represents the 
leakage of the test filter. An extra 
piece of Lintine on hand is useful 
in checking the constancy of the 
photometer readings. 

With the circuit used test filters 
showing little dust leakage allow a 
relatively large amount of light to 
reach the phototube and hence cause 
large milliammeter readings. Con- 
versely, test filters with considerable 
leakage cause low  milliammeter 
readings. This was because the po 
larity of the grid voltage drop, regu- 
lated by the phototube, was such as 
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to tend to make the grid of the an 


plifier tube less negative with re 
spect to the filament. This reduction 
of grid bias results in increased plate 
current and consequently in higher 
muilliammeter readings. Flor con 
venience the leakage index of the 
test filter was taken at the reciprocal 
of the milliammeter readings (mul 
tiplied by an arbitrary constant), so 
that larger indices corresponded to 
larger test filter leakages. It would 
have been possible to have large 
milliammeter readings correspond to 
relatively large test filter leakages 
and vice versa by arranging the cit 
cuit so that the polarity of the grid 
leak voltage drop would have been 
reversed. 

In conducting filter tests using the 
new method, back pressure readings 
were, of course, taken simultan 
ously with each leakage reading and 
plotted for each filter. However, for 


sake of brevity, that phase of the 


work is not discussed in this paper 
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Fig. 5—Representative type of dust leakage curves plotted for various amounts of dust injected 
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Results 


Results of tests made by the de- 
scribed method are normally plotted 
as shown by the representative 
curves in Fig. 5. This method of 
plotting gives a complete picture of 
the performance of the filter not 
only for one specific amount of dust 
but also for an entire range of dust 
quantities. This is a desirable fea- 
ture since it has been found that the 
leakage properties of filters cannot 
always be determined by single read- 
ings. In fact a filter having the low 
est leakage index at 25 grams in- 
jection may have the highest leak- 
age at the 100 gram point. 

Referring to Fig. 5, samples of 
the discolored Lintine are shown op- 
posite each of the representative 
curves, Since the same piece of Lin- 
tine was used for each of the four 
points shown on the curve, the 
amount of dust shown on each tar- 
get represents the total quantity that 
has leaked past the test filter. 

Need for the electric precipitator 
intake cleaner was demonstrated 
early during the development when 
it was found that the daily variation 
in the amount of atmospheric dust 
in the room air was sufficient to 
cause large errors in the readings. 
In fact in some instances, it was 
found that without the precipitator 
in operation the discoloration from 
the room air alone was greater than 
that from the dust leakage of the 
filter. No difficulty has been experi- 
enced from that source since instal 
lation of the precipitator unit. 
Reproducibility of Results 

Because of the inherent variation 
in individual filters and since a given 
filter cannot be cleaned and thereby 
restored to its exact original condi- 
tion, it has been difficult to obtain 
duplicate filters with which to check 
reproducibility of results. However, 
by taking consecutive filter samples 
from a given lot of filtering mate- 
rial a satisfactory degree of repro- 
ducibility has been obtained 
Correlation Between Cottrell Dust 
and House Dirt 

While it has been stated that 
house dirt could not be used satis- 
factorily as a standard test dust be- 
cause of its non-uniformity, still it 
was necessary to conduct a suffici- 
ent number of tests with house dirt 
to make sure that the Cottrell-sand 
mixture was a satisfactory substitute 
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Fig. 6—Similar type of dust leakage ap- 
paratus adapted to tests of flat filter 
samples 


and would give results comparable 
with those of house dirt. These 
tests demonstrated that there was a 
direct similarity in the results ob- 
tained from the two materials. The 
rate of leakage was accelerated in 
each case by the use of the Cottrell 
mixture (which was a desirable fea- 
ture) but the ratio of leakage val- 
ues obtained for various types of 
filters was the same with both types 
of dust. 


Calibration of Unit 


Although the photometric read- 
ing obtained from a discolored Lin- 
tine target gives an index of the 
amount of dust on the Lintine and 
therefore an index of the filter leak- 
age, it should be pointed out that 
the relationship between the pho- 
tometer reading and the dust quan- 
tity on the Lintine is not necessar- 
ily linear. In fact, since it is known 
that many of the dust particles in 
striking the Lintine may cover other 
dust particles already deposited, it 
is evident that linearity probably 
does not exist. This, however, does 
not detract materially from the 
method, but serves as a precaution 
not to assume that the leakage of one 
filter is twice that of another just 








because the leakage index of the o1 
is numerically twice that of t! 
other. 

As work progresses, an attem 
will be made to calibrate the unit | 
actually weighing the dust on tl 
Lintine target for a given photome 
ter reading. With chemical ba 
ances of proper sensitivity and wit 
proper control of atmospheric co: 
ditions, this can undoubtedly | 
done. It is not a prime essentia 
however, to the successful use of t! 
apparatus. 

With regard to possible error 
the dust leakage readings due 
loss of some of the ultra fine dus 
particles through the Lintine, it ha 
been found that by using the prop 
thickness of Lintine this loss is neg 


ligible. 
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Economic Value 


In addition to the several featur 
which have been discussed, the pri 
posed test method has certain merit 
from an economic standpoint be 
cause of the saving in time required 
to make a test. For example, a 
complete test of a filter may be mad 
in less than 30 min which is less 
time than that required for some oi 
the even less precise methods. 





NEW OFFICES FOR HATTIS 


Robert E. Hattis, Chicago, II! 


consulting air conditioning, ele 


; : i 
trical, mechanical and power plant 4 
engineer, has moved his office t by 
new and larger quarters in_ the 4 

qq 


Board of Trade Building. His 
many friends are invited to inspect 4 


his new quarters and enjoy the w 
usual view of the city. 





KEEP LOCAL CHAPTERS 
COMMITTEE POSTED 


E. K. Campbell, chairman of th 
Local Chapters Committee, invites 
any ASHVE member who plans 
trip to one of the Chapter cities 
advise the Local Chapters Commit 
tee of any such visit as far in ad 
vance as possible. He points ou! 
that the local chapter members 1 
joy meeting Society members fro 
other cities and says that such vis 
its will help promote a closer 
quaintanceship within the memb 
ship of the Society and will also 
stimulate greater interest in local 
chapter activities. 
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hiladelphia 
eeting and 
xposition 


HE 4th week in January, 

1942, offers busy days for 

members who attend the 48th 
\nnual Meeting of the AMERICAN 
Society OF HEATING AND VENTI- 
LATING ENGINEERS and the 7th 
International Heating and I entilat- 
ing Exposition in Philadelphia. The 
Philadelphia Chapter will be host 
for the occasion and an interesting 
program of sightseeing, inspection 
trips and entertainment has been 
planned. 

For the sightseer Philadelphia 
has much to attract in its modern 
buildings, as well as in its historical 
points of interest. A bird’s eye view 
of Philadelphia may be obtained 
from the observation tower of the 
Philadelphia Savings Fund Build 
ing. Looking South one sees the 
Philadelphia Navy Yard, the junc 
tion of the Delaware and Schuylkill 
Rivers, and a panorama of the vast 
oil refineries. Toward the East one 
views the Delaware River Bridge, 
and the city of Camden where the 
plants of RCA, Campbell Soup and 
New York Shipbuilding are located. 
On the North are the industrial 
areas of Frankford, Nicetown and 
Kensington, and looking West the 
observer will see the University of 
Pennsylvania campus, Convention 
Hall, and Fairmount Park, the 
largest in the world. 

or those who are interested in 
renewing their acquaintance with 
the historical points,.the center of 
attraction will be Independence 
Hall, in which the Constitution and 
Declaration of Independence of the 
United States were signed and 
which houses the Liberty Bell. Im- 
mediately adjoining is Congress 
Hall where the First Congress of 
the United States was held, and 
where Washington’s second inaugu- 
ral took place. Nearby is Carpenter 
Hall which was the scene of many 
important events of Colonial times. 

The Betsy Ross House in which 
the first American flag was made, 
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Benjamin Franklin Parkway from Philadelphia Art Museum 


and Christ Church yard where Ben 
jamin Franklin and several of the 
signers of the Declaration of Inde 
pendence are buried will also be 
attractions. Among other fine old 
churches are Old Swede’s Church, 
built in 1700, and St. George's 
Methodist Episcopal Church. 

Of special interest to engineering 
visitors is Franklin Institute and 
Museum with its 4,000 exhibits, 
which dramatically demonstrate the 
part science plays in every day life 
and industry. Nearby is the Fels 
Planetarium, the Philadelphia Art 
Museum, the Rodin Museum, the 
\cademy of Natural Sciences and 
the Public Library. 

Among Philadelphia’s educational 
institutions are the University of 
Pennsylvania, which recently cele 
brated its bi-centennial anniversary, 
Temple University, Girard College, 
founded for the education of or 
phaned boys, and Drexel Institute 
of Technology, which has a unique 
cooperative method of instruction. 

There will be a series of social 
functions for both members and la 
dies, to be climaxed by the annual 
hanquet on January 28 at the Belle 
vue-Stratford. 

The technical sessions will be 
generally scheduled for the head 
quarters in the Bellevue-Stratford 
Hotel. Among the subjects selected 
by the Meetings Committee for dis- 
cussion are: studies on panel heat- 
ing and cooling performance, oper- 
ating results of forced circulation 
hot water heating system, study of 
friction heads in screwed and weld- 
ed elbows, mixing action of air 


streams, comfort with summer air 
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conditioning, and thermodynan 
properties of moist air. 


Exposition Theme 


The need for improving workin, 
conditions and speeding indust: 
production in plants engaged in Na 
tional Defense operations lend 
special importance to the 7th Jnte) 
national Heating and Ventilatin 
Exposition. Scheduled for Januar 
26 to 30 next, in Philadelphia, 
exposition will also stress the 
portance of greater efficiency 
economy of operation, with a view | 
lower costs and fuel conservation i 
the heating, ventilating and air c 
ditioning of all types of building 

Manufacturers of heating, vent 
lating and air conditioning equi 
ment view the exposition as a meet 
ing ground and forum for discus 
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sion and revision of plans in ord 
to make adjustments for current 
contingencies and also to reveal the 
trend of planning for the post-w 
economy. 

More than 250 exhibits are pr 
jected already for the Philadelph 
Exposition, covering the entire fic 
of heating, ventilating and air cor 
ditioning for industry, as well 
human comfort in places of busin: 
and other institutions, and in hom« 
Firm names which comprise 
bedrock of the industry constit 
the principal listing on the rost 
which also includes a number 








newcomers. 

As in the case of all previ 
heating and ventilating expositior 
this one is under the managem: 
of the International Exposition ‘ 
Grand Central Palace, New York 
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. A. MeKeeman 
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Secretary 
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WESTERN NEW YORK HOLDS 
FIRST FALL MEETING 


October 13, 1941. The first meet 
ing of the 1941-42 season of the 
Western New York Chapter of the 
Society was held at the University 
Club. The minutes of the May 
meeting were read and approved 

At the request of Pres. W. R 
Heath, B. C. Candee introduced his 
guest and new member, E. P 
Heckel, Jr., and D. J. Mahoney in 
troduced L. J. Jeselum as his guest 

The secretary read a letter fron 
\V. J. Jenkinson, Toronto, in whic! 
the Ontario Chapter requested the 
Western New York Chapter to con 
sider the possibility of holding 
joint meeting of the Buffalo and 
Ontario Chapters at some interme 
diate point, such as Niagara Falls 
The letter further stated that the 
Ontario members felt such a meet 
ing would be highly beneficial i: 
fostering mutual interests and cré 
ating a bond of fellowship and un 
derstanding between the two chap 
ters, and at the same time, help i 
creating and fostering good will be 
tween the neighboring countries 
President Heath asked for con 
ments from the floor, and Mr. Car 
dee thought that the suggestion had 
merits and offered the opinion that 
it was a matter to be left up to th 
officers of the Chapter for decision 
Roswell Farnham spoke in a simi 
lar manner and S. W. Strouse 
offered some elaboration in that he 
suggested that this might als 
offer an opportunity to invite the 
ASHVE members from Rochest« 
and vicinity to join the Toront 
and Buffalo groups. He further 
suggested that it might be possibl 
to arrange a tour of inspectior 
through either the Bell Aircraft o1 


Curtiss-Wright Aircraft Plants and 


then adjourn to the General Brock 
Hotel for dinner and the joint meet 


ing. The consensus was that this 


matter should be referred to the ofh 
cers for a decision. 

Following the treasurer's repor' 
President Heath introduced F. | 
McIntosh, Pittsburgh, Pa., as th 
speaker of the evening, stating tha 
he had long been active in Societ 
affairs, having served on the Cow 
cil and is now a member of t! 
Committee on Research. Mr. M: 
Intosh spoke on the subject “Ou 
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Research Committee—Asset or Lia- 
bility,” which he delivered in an in- 
teresting manner, illustrating his 
remarks with lantern slides showing 
various phases of the projects under 
consideration by the Society. His 
talk, according to Herman Seelbach, 
Ir., secretary of the Chapter, was 
very well received by the members 
and guests. Following a discussion 
the meeting adjourned. 


SOCIETY RESEARCH TOPIC 
AT ST. LOUIS 


October 2, 1941. The regular 
monthly meeting of the St. Louis 
Chapter was held at the DeSoto Ho- 
tel, with Pres. D. J. Fagin presid- 
ing. The secretary read the min- 
utes of the September meeting, 
which were approved as read. 

Following the report of the treas- 
urer, B. C. Simons announced that 
plans were almost complete for the 
November meeting which would be 
addressed by an FBI representative 
on the subject of Mechanical De- 
vices used in Crime Detection. 

With no further business before 
the meeting, a recess was taken, and 
the members and guests went to the 
Engineers’ Club of St. Louis, where 
President Cooper of the Engineers’ 
Club turned the annual joint meet- 
ing of the Club and the Chapter 
over to President Fagin. President 
Fagin introduced the guest of the 
evening, John James, New York, 
technical secretary of the ASHVE. 

Mr. James delivered an_ illus- 
trated talk on the research program 
of the Society, tracing its history 
and development into the most com- 
prehensive program of research 
known to be underwritten by any 
professional society. He described 
the cooperative arrangements be- 
tween the Committee on Research 
and the Universities and Institu- 
tions throughout the country, and 
covered the need for the various ma- 
jor classifications of research, the 
methods of investigation, and the 
dissemination of the results. He 
gave life and interest to a difficult 
subject, and made it clear why and 
how the Society’s funds and efforts 
were so comprehensively employed 
in such a program. 

There was considerable interest 
evidenced by both the Chapter 
members and the Club members and 
guests, and discussions took a great 





deal of time after the formal pres 
entation was finished. A _ rising 
vote of thanks was extended Mr. 
James, and the meeting adjourned, 
according to J. H. Carter, secretary 
of the Chapter. 


September 9, 1041. The first 
meeting of the season held by the 
St. Louis Chapter was at the De- 
Soto Hotel, St. Louis, and in the 
absence of Pres. D. J. Fagin, the 
vice-president, M. F. Carlock pre- 
sided. The attendance was reported 
as 26 members and guests. 

Following the reading of the min 
utes of the May meeting, which 
were approved as read, the treasurer 
gave his report. The chairman of 
the membership committee, B. L 
Evans, reported on new applica 
tions, followed by a motion, which 
was duly seconded and carried, that 
the regular chapter meetings for 
the balance of the chapter year be 
held at the DeSoto Hotel. 

Some of the members expressed 
their opinion that these meetings 
should start at 6:00 p. m. instead of 
a half hour later, and this was left 
to the meetings committee to deter- 
mine by the next meeting. 

B. C. Simons, chairman of the 
meetings committee, introduced G. 
W. F. Myers, St. Louis, who pre- 
sented a complete and able discus 
sion of the recent paper on air raid 
shelters by W. A. Bechtler of 
Zurich, Switzerland, which was 
published in the June 1941 Journal 
of the Society. Mr. Myers also re- 
ferred to the recent publication, Civil 
Air Defense, by Lt. Col. A. M 
Prentiss, General Staff, U. S. Army. 
He described the bomb-proof re- 
quirements of a shelter, penetration 
of a typical 600 Ib bomb dropped 
from 25,000 ft (985 fps velocity, 
penetration 6-6 in. reinforced con- 
crete floor slabs), and the ventila- 
tion and filtration requirements, 
sanitary and other needs of typical 
shelters. Mr. Myers also referred 
to the material presented by W. L. 
Fleisher, president of the ASHVE. 

After a brief intermission J. H. 
Carter presented a discussion on the 
subject of frozen foods and locker 
plants, covering the history of such 
plants, their use by either farm or 
city families, problems of design, 
engineering and operation. 

The meeting adjourned at 10:00 
p. m., according to J. H. Carter, 
secretary of the Chapter. 
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DR. GIESECKE VISITS 
SOUTHERN CALIFORNIA 


October 8, 1941. The first meet 
ing of the 1941-42 season was held 
at the Stevens Nikabob, Los Ange 
les, and according to the secretary's 
report, there were 44 members and 
guests in attendance 

After dinner a short business ses 
sion was held, and it was voted to 
change the meeting night from the 
second to the first Wednesday oi 
each month, and the meeting plac« 
changed to Eaton’s Chicken Hous« 
It was announced that a roster of 
the membership combined with a di 
rectory of contractors, manufactur 
ers and distributors of materials and 
equipment relating to the heating 
ventilating and air conditioning in 
dustry within the jurisdiction of th 
Southern California Chapter, would 
he published in December 

The business session was followed 
by a most interesting talk by Dr. I 
E. Giesecke, past president of tl 
ASHVE. 


Use Research Results in Engineet 


i 
His subject “How to 
ing Practice” illustrated with slides 
demonstrated very clearly the ne 
cessity and value of research to the 
industry. He also brought out the 
fact that every member of the So 
ciety was contributing to this re 
search as the major portion of the 


annual dues are appropriated to 
maintain the Research Laboratory in 
Pittsburgh to carry on with researc! 
already started. A unanimous vote 
of thanks was given to Dr. Gieseck« 
and the meeting adjourned 


ONTARIO WELCOMES 
MAJOR FOX 


October 6, 1941. The first regu 
lar meeting of the season was held 
at the Royal York Hotel, with 8&5 
members and guests in attendance 
Following dinner, A. M. Dion put 
on a comical act mimicking Adolph 
Hitler. 

President Tasker then called upon 
the principal speaker of the evening. 
Major J. H. Fox, a member of the 
Chapter, who is now with the R. ¢ 
©. C., Sth Division Field Army 
Workshop at Camp Borden. Major 
Fox outlined his activities in the 
\rmy since joining the Canadian 
Forces last year, and told of his 
trip to England, and of conditions as 
they now exist there, especially in 
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London. Major Fox was among 
the few Canadians who went to 
France following Dunkirk. He also 
told of his return trip to Canada 
where he has been an instructor at 
Camp Borden, Ontario. 

Following Major Fox’s address, 
H. D. Henion extended a vote of 
thanks for what the Chapter hailed 
as one of their most interesting 
ineetings. 

Major Fox advised the Chapter 
that another one of the Chapter 
members, ‘J. W. Bishop has now 
been promoted to Major, and is with 
the Armored Division of the Cana- 
dian Corps. 

V. J. Jenkinson announced that 
Dr. F. C. Houghten, director 
of the Society Research Laboratory, 
Pittsburgh, Pa., would be the guest 
speaker at the November meeting. 


RESIDENTIAL HEATING 


OPENS ATLANTA’S SEASON 


September 9, 1041. The first 
regular Fall meeting of the Atlanta 
Chapter was held at the Atlanta 
Biltmore Hotel, and was called to 
order by Pres. S. W. Boyd with an 
attendance of 29 members and 
guests. 

The minutes of the previous meet- 
ing were read and approved, and 
President Boyd then reported on 
various items of general interest to 
the Chapter. He called attention to 
a visit from the secretary of the So- 
ciety, A. V. Hutchinson, during the 
summer. Mr. Hutchinson met with 
the officers and committee chairmen 
of the Chapter and discussed mat- 
ters of interest to the Society, with 
particular reference to membership 
and an effort to plan chapter pro- 
grams well in advance. 

President Boyd also reported that 
a memo from the headquarters office 
advised that the American Society 
of Engineers was recently investi- 
gated by the U. S. postal authorities 
and found to be the pet idea of one 
man and apparently simply a means 
of income for him. 

Attention was brought to the let- 
ter recently sent out by the chair- 
man of the program committee, M. 
M. Crout, which listed the subjects 
and speakers for the meetings for 
the coming year. 

Announcement was then made 
that the regular Monday Engineers 
luncheon would be sponsored by the 
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Journal Y Section 
Georgia Engineers Society this 
year. 

Mr. Crout reported briefly on his 
committee’s work during the sum- 
mer months which resulted in the 
program being set up for the year. 
He stated that the subjects chosen 
were a choice of the majority and 
that these programs should there- 
fore result in better attendance at 
the meetings. He further advised 
that the poll that was taken on the 
topics to be discussed at the monthly 
meetings resulted in some very in- 
teresting facts, which would be 
tabulated and distributed to the 
membership. President Boyd com- 
plimented Mr. Crout and his com- 
mittee on their work in preparing 
the program, and stated that, to his 
knowledge, this was the first time 
the chapter’s program had been set 
up a year in advance. 

T. T. Tucker, chairman of the re- 
search committee, gave a report on 
the results to date of the attic fan 
test that is being sponsored by the 
chapter, and presented a compari- 
son between the two test houses, one 
with and one without an attic fan. 
He stated that the committee hoped 
to finish the test work before cool 
weather set in and that the data 
would then be compiled so that 
Georgia Tech can submit a paper on 
this test for the 48th Annual Meet- 
ing of the Society in Philadelphia in 
January. 

T. T. Tucker also gave a brief re- 
port on the activities of the Georgia 
Engineering Society stating that a 
complete program had been ar- 
ranged for the coming year and that 
their activities would officially be- 
gin at the first meeting in October. 

C. L. Templin, chairman of the 
membership committee, reported on 
the new applicants, and requested 
that the members of the chapter 
continue to cooperate with the com- 
mittee in order to bring into the 
Society any qualified engineers 
whom they feel would be an asset 
to the Chapter. 

L. F. Kent announced that he 
would endeavor to give some pub- 
licity to the program scheduled, and 
also to the attic fan test. 

Following reports on codes and 
the finances of the chapter, Presi- 
dent Boyd introduced the speaker 
of the evening, M. W. Wise, heat- 
ing and ventilating contractor in At- 
lanta, who gave an interesting talk 
on the subject of residential heat- 


ing using modern equipment. M: 
Wise traced the evolution of resi 
dential heating over the past 21 
years, pointing out the types o! 
heating systems that were popular a: 
different times, and how with th 
help of the engineer some of thes: 
systems were brought back into pop 
ularity years after they were consid 
ered outmoded. He also pointe: 
out that in his opinion residentia 
heating demanded the best efforts | 
the engineer and contractor becaus: 
in residential heating it is necessar 


to satisfy the rigid requirements se: 


forth by architects and home ow: 
ers. In conclusion the speaker state: 
that he felt that a great deal of wor 
is yet to be done in the field of res 
dential heating and that considerab|: 
improvement will be made in t! 
heating equipment which is no 
considered modern. 

At the conclusion of his talk, M: 


Wise answered numerous question: 


that were asked, and judging by th 
interest shown in this talk, it is evi 
dent that the Chapter’s decision t 


have the subjects at the monthly 


meetings handled by members, whe: 
ever possible, was a good one. 


President Boyd then announced 


that the next meeting would be i: 
October, at which time John James 
technical secretary of the Society 
would speak on Recent Researc! 


Trends in Heating, Ventilating, and 


Air Conditioning. 

As reported by the secretary, \ 
H. Koch, the meeting adjourned 
9:15 p. m. 


FIRST FALL MEETING AT 
PITTSBURGH 


October 14, 1941. -Pres. E. | 
Smyers called the first meeting | 
the season to order in the Confer 
ence Room of the Pittsburgh Y. M 
C. A. The minutes of the May meet 
ing were read and approved as reac! 

P. C. Strauch, chairman of +! 
membership committee, briefly dis 
cussed the proposed membershij 


roster, the printing of which had 


been approved at the executive co 
mittee meeting held on Septem! 


30, 1941. 


There being no old or new bu- 


ness, President Smyers introdu 


S. H. Downs, chief engineer of t' 


Clarage Fan Co., Kalamazoo, Mi 
who was brought to Pittsburgh 
der the auspices of the Chapter k 
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lations Committee. Mr. Downs 
spoke on the research activities of 
the Society in accordance with a na- 
tion wide plan of the Committee 
and the Council. 

Following his talk on research, 
Mr. Downs discussed informally the 
application of fans to heating and 
ventilating work. A lively discus- 
sion followed, and the meeting ad 
journed with a rising vote of thanks 
to Mr. Downs. There were 37 
members and guests in attendance. 


MINNESOTA ACTIVITIES 

September 6, 1041. More than 
70 members and guests were on 
hand for the first meeting of the sea- 
son, which was held at the Hotel 
Stoddard, La Crosse, Wis. Dur- 
ing the day the members from Min- 
nesota, Iowa and Wisconsin were 
guests of the Trane Co., and a fea- 
ture of the day was a tour of the 
factories in La Crosse. 

At the banquet in the evening, F. 
O. Jordan, Detroit, Mich., repre- 
sentative of Albert Kahn and Asso- 
ciates, told his audience that wars 
are looked upon as great tradition 
breakers in the building construction 
and equipment field. He went on to 
say that tradition can be a danger 
because if it crystallizes too far it 
eliminates improvement and ad- 
vancement. He also stated that war 
forces the adoption of new ideas, 
and in the past wars were fought on 
the fringes of nations by human 
beings, with death and destruction 
not extending to the interior. Mr. 
Jordan said, “Now wars are fought 
by machines of long range. The 
nation with the most and best ma- 
chines probably will win. For that 
reason it is essential to keep pro 
duction at a high peak.” 

Mr. Jordan predicted a_ rapid 
growth in air conditioning after the 
war and pointed out that the na- 
tional defense program and the war 
are emphasizing the importance of 
air conditioning in industrial plants. 

N. D. Adams, acting as master of 
ceremonies during the banquet, in- 
troduced Messrs. Arthur Holmes, 
D. C. Minard, and Norbert Downey 
of The Trane Co., and the Messrs. 
T. R. Johnson, Des Moines, Ia., 
from the Towa Chapter, F. W. 
Goldsmith, Milwaukee, Wis., repre- 
senting the Wisconsin Chapter, and 
H. M. Betts, president of the Min- 
nesota Chapter of the Society, and 
Marshall Taft of the Minnesota 
Professional Engineers Society. 


Have You Registered? 
By T. H. Urdahl, Chairma 
Membership Committee 

Each member of the ASHVE should 
recognize the manifold advantages of his 
membership in the Society, which today 
provides a means of supplying the Gov 
ernment with sources of specialized 
knowledge for effective application in the 
defense program at a critical moment 
A member may be just the right man for 
an important assignment and membership 
in the Society may be the means of 
bringing his qualifications to the attention 
of many agencies through the National 
Roster of Scientific and Specialized Pet 


sonnel. 





The National Roster is jointly admin = 
istered by the National Resources Plan THE NATIONAL ROSTER OF SCENTEK 
: e ND SPEC SONNEL 
ning Board and the United States Civil : ANI El 
. . . . ° . ac i nd this assistance car se maintained 
Service Commission, and it offers Goy i th h wn f 
reased through your ov eTsor sery 
ernment agencies and others an outline The Government needs the serv 
of the potential abilities of men in many ny engineers, | should 
specialized fields of engineering. that it does not want to take 
. . . . y ir awa I I 
Today first consideration should he - 
vant your help tempora 
given to the following: experienced ens . . 
1. If you nave not already filed vour name vhom you might nm’? for a period 
ind quabifications with the National Roster, d weeks months 
so at once The following excerpts from the Na 
Suggest to your fellow workers that they 


tional Roster indicate that the potential 
hershir abilities of the ASHVE membership ars 


Encourage Society membershiy among 


register 


those who are engaged in heating and ventilat ”y no means completely listed and there 
ing o . fiel« > 0 now class . 

ng or allied fields, but who are not N is an urgent need for a complete listing 
hed in this group. 


a - b s 0 ; lwineering | Tession 
i The Society, as an organization as well { members of the eng ing pre 
is through individual members, is already mak specializing in heating. ventilating and air 
ing large contributions to the defense prograr conditioning 


HEATING, VENTILATING, REFRIGERATING AND AIR CONDITIONING ENGINEERING 
(and related fields) 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 
12 applications for membership have been received and the names of these men and their sponsors are published in the following list 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, the 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by November 15, 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


1941. these candidates will be balloted upon by the Council. Thos« 


REFERENCES 





Proposers Seconders 
\Nprews, Wittiam G., Sales Engr., Detroit Lubricator Co., J. F. Kern, Js \. W. Akers 
New York, N. Y Clifford Strock C. E. McCallum 
Benescu, Epwarp J., Mech. Engr., Syska & Hennessy-Consult \. G. Syska Joe Wheeler, Jr 
ing Eners., New York, N. Y. W. E. Heibel D. A. MacWatt 
Davis, Tetrorp R., Mech. Engr., Charles R. Ammerman, Con- S. E. Fenstermaket F. H. Stout (4A/EL) 
sulting Engr., Indianapolis, Ind C. H. Hagedon G. B. Supple 
Houck, Rosert C., Engr., Kimble Glass Co., Vineland, N. J Mitchel Landau H. T. Makin, Jr 
C. W. Whitney M. F. Blankin 
Joyce, JAMes J., Branch Mer., The Powers Regulator Co., New L. V. Cressy W. H. Dudley 
Orleans, La C. B. Gamble R. M. Spence 
Moutp, Harry W., Jr., Student Engr., Buffalo Forge Co., Bui M. C. Beman W. R. Heath 
falo, N. Y B. C. Cande« H. Seelbach, J: 
NicHoLson, STertinG J., Owner, Nicholson Inc., Durham, N. W. M. Wallace, I C. Z. Adams 
¥ . Cooke P. i Guest, Ir 
Ristey, Georce H., Branch Mer., Cole Sullivan Engrg. Co., J. D. Kroeker B. W. Farnes 
Portland, Ore. E. A. Pondet W. Hanthorn 
SATLOW, ABRAHAM, Jr. Naval Architect, Philadelphia Navy \. R. Familetti W. G. Alcorn (Non-Memb. 
Yard, Philadelphia, Pa FE. Coppola \. A. Wright 
(Non-Member) (Non-Member) 
Sureu, WittiAM P., Jr., Engr. and Estimator, The A. Z. Price M. F. Wooten, Jr R. M. Warren, Jr 
Co., Inc., Charlotte, N. C H. H. Hill E. H. Brandt, Jr 
STrROoTHER, WILLIAM E., Construction Engr., Barge-Thompson C. L. Templin H. K. McCain 
Co., Atlanta, Ga. S. W. Boyd L. L. Barnes 
Way, WittraM J., II, Partner, Way Engineering Co., Houston, R. F. Taylor A. M. Chase, Jr 
Tex. R. M. Spencer I. A. Naman 
. 











In the past issues of the JourNnaL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 


Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the follow 


ing list of candidates elected: 


MEMBERS INGHAM, JouNn F., Pres.-Treas., John F. Ingham Inc., Gree 
Burnap. Cuaries H., Sales Engr., The A. K. Howell Co., St wich, Conn. 
Louis, Mo. SeLr, V. Fioyp, Sales Engr., Anemostat Corporation of Ame 
Esstey, Huperr A., Sales Engr., Taco Heaters Inc., Philadel ica, New York, N. Y. 
phia, Pa. 
Guroy, Joun P., Senior Member, John P. Gilboy Co., Scranton, 
Pa. (Reinstatement) 
HarpInc, Watter, Chief Superintending Engr., Air Ministry, 
Kingsway, London, England 


ASSOCIATES 
BurTcHAELL, JAMes T., Pres., Rushlights Inc., Portland, Or: 


SnyMAN, G. C., Regional Mgr., Carrier Corp., Syracuse, N. \ 
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